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LETTER 


FROM 

THE  SECRETARY  OF  THE  TREASURY, 

COMMUNICATING, 

In  obedience  to  lair^  a  report  of  the  Superintendent  of  the  Coast  and  Geodetic  Survey,  showing  the  progress 
made  in  the  survey  of  the  Atlantic,  Gulf,  and  Pacific  coasts  for  the  year  ending  June  30, 1878. 


Decemrkr  17,  1H7H. — Onlei*e4l  to  lie  on  the  table  and  he  printed. 


Treasury  Department,  December  10, 1878. 

Sir:  In  compliance  with  section  4690,  United  States  Revised  Statute^?,  I  have  the  honor  to 
transmit  herewith,  for  the  information  of  the  Senate,  a  report  addressed  to  this  department  by 
Oarlile  P.  Patterson,  Superintendent  of  the  Coast  and  Geodetic  Survey,  showing  the  progress 
made  in  the  survey  of  the  Atlantic,  Gulf,  and  Pacific  coasts,  during  the  year  ending  June  30,  1878, 
and  accompanied  by  a  map  illustrating  the  general  progress  made  in  that  work. 

Very  respectfully. 


Hon.  William  A.  Wheeler, 

Vice- President  of  the  United  States,  President  of  the  Senate. 


JOHN  SHERMAN, 

Secretary, 
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estimates,  p.  8;  triau^ulatiuu  of.  p.  30;  hydrography  of,  p.  30; 
soundinf^s  in,  p,  40. 

BARATARIA  LIGHT,  p.  39. 

BARKER,  J.  R..  DRAUGHTS])I  AN.  Sketches  of  coast  ol  North  ' 
Carolina,  ]»p.  25.  20 :  of  Floritla,  p.  29.  I 

BARNARD,  A.  P.,  AID.  Service.^,  in  Stetion  VIII,  p.  13.  I 

BARNEGAT  INLET,  N.  J.  Reference  to,  in  estimates,  p.  8.  ! 

BARREN  ISLAND,  NEAR  ROCKAWAY,  CHANtiES  IN  OUT 
LINEOF,  p.  17. 

BARROLL,  H.  H.,  MASTER,  U.  S.  N.  Services,  iuSi'ction  IV,  p, 

26 :  in  Section  VI,  p.  29. 

BARTLE,  R.  F.  Enp^avin;;  Division,  Coast  and  Gcmlotic  Survey  I 
Office,  p.  63.  I 

BASE-LINES.  Near  Missi.s.sippi  River,  p.  40;  reconnaiH.Hance  for, 
in  Washington  Territory,  p.  51  ;  adjustment  of  the  primary  tri¬ 
angulation  between  the  Kent  Island  and  Atlanta,  report  by  Charles 
A.  Schott,  assistant.  Appendix  No.  8.  pp.  92-119.  i 

BASSETT,  R.  T.  Tidal  observations  at  Governor's  Island,  N.  Y., 

p.  18.  ' 

BASS  H. ARBOR,  ME.  Tidal  observations  at,  p.  11. 

BATON  ROUGE  (steamer).  Use  of,  in  Section  VIII,  p,  42. 
BATTERY  POINT,  ADMIRALTY  INLET,  WASH.  TER.,  pp. 

51. 53. 

BAYLOR,  J.  B.,  AID.  Services,  in  Section  II,  p.  19:  with  Com¬ 
mission  for  making  Irouudary  line  between  Penusylvniiia  and  New 
York,  pp.  20.  21;  service.s,  in  Section  IX,  p.  45. 

BEAN  HILL,  N.  H.  Signal  station,  p.  14. 

BEAUFORT,  N.  C.  Sketch  of,  p.  26.  | 

BEHRING  SEA.  Reference  to,  in  e.stimates,  p.  9;  surxey  of  <  oa.st  i 
of  Alaska  and  islands  in,  p.  61.  I 

BELFAST,  ME.  Reference  to  tlie  Earnest  at,  p.  13.  j 

BEMINI  ISLANDS,  p.  29.  ! 

BENNETT’S  LANDING,  MISSISSIPPI,  p.  42.  I 

BENN'S  MOUNTAIN,  BURKE  COUNTY,  N.  C.,  pp.  26,  27.  ' 

BERMUDA  ISLANDS.  Suggested  as  tidal  station,  p.  61. 

BIG  FISHKILL  CHANNEL.  Soundings  near,  p.  17. 

BIG  FRESHWATER  BAYOU,  TEX.,  p.  44, 

BLACK  MOUNTAINS,  N.  C.,  p.  27. 

BL.AIR,  H.  W.,  AID.  SendccM,  in  Section  X  III,  pp.  54, 55 ;  revis¬ 
ion  of  star-catalogue  for  observations  of  latitude,  p.  59. 

BLAKE  (steamer).  Reference  to  use  of,  in  deep-sea  soundings,  p. 

3 ;  use  of,  in  Section  VIII,  p.  34 :  stranding  of  the,  at  Bahia  Honda, 
owing  to  ignorance  of  foreign  pilot,  pp.  35-38.  ; 

BLAKE,  FRA  NCIS,  ASSISTANT.  Tiiangulation  of  Boston  Upper 
Harbor,  p,  14.  ' 

BLUE  HILL.  Primary  station,  p.  12.  I 

BLUE  HILL  BAY.  Topographic.al  survey  of,  pp.  1,12;  referred  | 
to  in  estimates,  p.  8.  I 

BLUE  HILL  VILLAGE,  p.l2. 

BLUE  RIDGE.  Primary  triangulation  along,  pp.  5,  25,  59;  c-oiu-  : 

parisoii  of  angles  at  primary  stations  in,  p.  60.  I 

BOCA  GRANDE,  FLA.,  p.  32. 

BODEGA  BAY.  Survey  of,  referred  to  in  estimates,  p.  9. 

BODELL,  W.  J.  Tidal  observations  at  Fortress  Monroe,  p.  23.  I 
BODIE  S  ISLAND  LIGHT  HOUSE.  Sketch  of,  p.26. 

ROGUE  SOUND,  N.  C.  Reference  to.  in  estimates,  p.  7 ;  sketch  of 
entrance  to,  p.  26. 

BOLIVAR  POINT,  TEX.,  p.44. 

BOSTON.  Reference  to,  in  estimates,  p.  6. 

BOSTON  HARBOR.  Reference  to  tidal  observations  in,  p.  4;  tri- 
angnlation  of  (upper),  p.  14;  station  marks  renewed,  p.  15;  com¬ 
putation  of  secondary  and  tert  iary  triangulations  of,  in  1877,  p.  60. 
BOUNDARY  LINE  BETWEEN  PENNSYLVANIA  AND  NEW 
YORK.  p.  20. 

BOUTELLE,  C.  O.,  ASSISTANT.  Triaiipilation  in  North  Caro-  j 
lina,  pp.  26,  27 ;  primary  triangulation  near  Atlantic  base  line,  p. 

43 ;  compiitatinn  of  magnetic  observations  made  by,  p.  61. 
BOUTELLE,  J.  B.,  AID.  Services,  in  Section  IV,  p.  27. 

BOW SER,  PROFESSOR  E.  A .  Geodetic  operations  in  Now  Jersey, 

p.21. 


BOYD.  C.  H.,  ASSISTANT.  Triangulation,  Mii^sisaippi  River. 
p.42. 

BRACE  I’OINT,  ADMIR.ALTY  INl.ET.  WASH.  TKR.,  p.51. 

BKADBUKV'.  BION,  AID.  Sci\icc.s  In  Sictioii  VIIT.  p.  42;  in 
('oiuputiiig  Division,  Coast  and  GciMbdic  Survty  Office,  pp.  60,61; 
assigned  to  Held  duty.  p.  62. 

BRADBURY,  LIEUTENANT.  U.  S.  N.  Kcf.icmc  to  pivviou.s 
cxaminatioii  of  Hawk  ('linnml,  Kla.,  by,  p.  29. 

BRADFORD.  (iEKSHOM.  ASSISTANT.  Compilation  of  Coast 
I’ilot  of  Oicgoii,  Washington  'rcrril<»ry,  and  California,  p.  48. 

BKADFOKD,  J.  S.,  ASSISTANT.  In  charge  of  Engraving  Divis¬ 
ion,  Coast  anti  Gci>dctic  Survey  Otlice,  f).  03. 

BKAID.  ANDREW.  SUBASSISTANT.  Servues,  in  Se.tion  11. 
p.  19;  in  Seetitui  III.  ]>.  24;  in  Section  XIII.  p.  56:  in  Section 
XIV,  p.  57 :  in  Section  X\'.  p.  58;  computation  of  magiit  tic  obser- 
vatitMiH  madi*  by.  p.  01. 

BRANDON.  ALA.,  01. 

BRANDYWINE  SIIOAI.  I.IGII  T.  Bt.sitioii  tlctci  mined,  p.  22. 

BRAZIL,  Discussion  t»f  sccuhir  cliattge  of  magiitdic  ileeliuatiou  at 
sfatituis  in.  reference  to.  p.  (50. 

BRIGHT.  W.  T.  In  charge  of  Drawing  Divisitni.  Ct»ast  and  Geo- 
dt‘tie  Survey  Offit^>,  p.  62. 

HKITISH  .VSSOtTATIDN  FOR  THE  ADVANt  KMENT  OF 
St’IENCE.  Reference  t«),  p.  4. 

BRITISH  IMPERIAL  STANDARD,  p.  58. 

BROOKIA’'N,  N.  Y.  Titlal  observations  at,  i».  18. 

BROWN  BANK,  (.’iirrent  observatittiis  at.  p.  15. 

BUCIIAN.VN,  l*K0FE.SSOR  A.  II.  Triaiignlalioii  in  Ntnlhern 
Alabama,  pp.  42,  43;  gt'otlctic  survey  at  north  einl  of  Lebanon 
base  line  in  Tennessee,  p.  56. 

BUDD  S  INLET.  PUGET  SOUND,  WASH.  TER.  Survey  of.  pp. 
5,52,53;  eom]>iitatiuu  of  tnanguhition  iit‘ar,  p.  60. 

BULL  J.  H..  MASTER,  U.  S.  N.  StM*viees,  in  Seetitiu  X,  p.  46. 

“BULL”  SHOAL.  .Fniitle.ss  search  for  a  shoal  supposeti  to  be 
miles  nortli  of  p.  30. 

BURT  STATION,  NEAR  WELLSBURG,  pp.20.21. 

BUZZARD'S  BAY.  MASS,  (.’omputatitmsof  triangnlations in  vicin¬ 
ity  of  (1870-71),  p.  60. 
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C.MIAS  MOUNTAIN.  Slalitm  staithwfst  (»f  L\  ueliburg,  V;i.,p.25. 

CAHTO  KAN(JE  OF  MOUNTAINS,  p.  48. 

CAIRO,  ILL.  Ob.servations  ft>r  latitinle  anti  longitude  at,  pp.  5,  54; 
ningiietic  tdmervations  at,  p.  58. 

(’.\LA1S,  ME.  Relative  to  air  t)f  nieritliau  from,  to  Atlanta.  Ga., 
p.  3, 

CALIFORNIA.  Off  shore  stnindings  and  topography  of  ishinds  on 
coast  of,  irfereuce  to.  in  estimates,  pp.  8.  9;  for  current  observa¬ 
tions  on  the  coast  and  in  the  Kiiro-Siwo  current,  p.  9;  for  compi- 
latitm  of  <  'oast  Pilot  for,  pp.  9,  48 ;  continuation  of  jtrimary  tri- 
angulation  along  coast  of,  p.  45;  topogi'aphical  survey  of  coast  of, 
p.  47 :  destructiveness  of  the  tereilo  on  coast  of,  p.  53. 

CAMPBELL,  PROFESSOR  JOHN  L.,  OF  WABASH  COLLEGE. 
In  i  harge  of  field  work  in  ge«Mletic  operations  in  Indiana,  p.  57. 

(’AMPECHE,  BANK  OF.  Deep-seA  soundings  idf,  p.  36. 

CAPE  ANN.  Current  observations  off,  p.  16. 

CAPE  BLANCO.  Triangnlation  of  coast  near,  pp.  5,  49. 

CAPE  CANAVERAL.  Progirss  of  hydrography  south  of,  pp.  5, 
31 ;  reference  to,  in  estimates,  p.  7 ;  chart  of  coast  near,  referred  to 
in  estimates,  p.  8;  description  of  inlets  south  of,  p.  28;  inshore 
hydrography  near.  pp.  29,  30. 

CAPE  CANAVERAL  SHOALS,  p.  30. 

CAPE  COD.  Off-shoie  hydrogiaphy,' reference  to  in  estimates,  p. 
8;  also  to  drawing  and  engraving  chart  of,  p.  7 ;  lights  on  tlie  peu- 
iusula  of,  determined  in  position,  p.  14;  current  observations  off, 
p.  16;  rules  for  navigating  between,  and  Cape  Sable,  p.  16. 

CAPE  FEAR,  N.  C.  Relative  to  marine  notes  for  the  Coast  Pilot 
of,  pp.  5,  25,  26,  29;  topography  of  shores  near,  p.  5;  offshore  hy¬ 
drography.  reference  to  in  estimates,  p.  7. 

CAPE  FEAR  RIVER.  Sounding  of  entrance  of.  refened  to  in 
estimates,  p.  7 ;  also  charts  of  apjiroachee  to,  p.  8 ;  data  for  Coast 
Pilot,  p.  25 ;  views  of.  p.  26 ;  topography  of,  p.  26. 

CAPE  FLGRIDA.  For  dredging  near,  and  astronomical  and  mag¬ 
netic  observations  necessary  between,  and  Pensacola,  referred  to  in 
estimates,  p.  7 ;  also  charts  of  coast  near,  p.  8 ;  view  of  vicinit.v  of, 
p.  29 ;  soundings  near,  p.  38. 
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CAPE  HATTERAS,  C.  Determination  of  positions  of  life-saving 
stations  near,  p.  5;  additions  to  sailing-charts  A  and  Nos.  1  and  2 
required,  reference  to  in  estimates,  p.  7 ;  engraving  of  sailing-chart 
of  coast  near,  reference  to  in  estimates,  p.  8 ;  views  of,  p.  26. 

CAPE  HAZE.  Tidal  ob8er\'ations  at,  p.  32. 

CAPE  HAZE  SHOAL,  p.  32. 

CAPE  HENLOPEN.  Hydrography  of,  reference  to,  in  e.Mtiiimtes, 
p.  6;  examination  of  positions  of  light-honses  near,  p.  22. 

CAPE  HENLOPEN  BEACON-LIGHT,  p.  22. 

CAPE  HENLOPEN  LIGHT  HOUSE,  p.  22. 

CAPE  HENRr,  VA.  Marina  notes  for  Coast  Pilot,  relative  to,  pp. 
5,  29;  determination  of  positions  of  life-saving  stations  near,  p.  5; 
hydrography  near,  reference  to  in  estimates,  pp.  6, 7 ;  detailed  survey 
of  coast  in  vicinity  of,  pp.  23,  25. 

CAPE  LOOKOUT.  Astronomical  observations  south  of,  referred 
to  in  estimates,  p.  7 ;  also  charts  of  coast  near,  p.  8 ;  views  of,  p.  26. 

CAPE  MALABAR.  Progress  of  survey  near,  p.  5 ;  survey  south 
of,  referred  to  in  estimates,  p.  7. 

CAPE  MAY.  Engraving  of  chart  of,  referred  to  in  estimates,  p.  8; 
examination  of  position  of  light-houses  uear,  and  direction  of  new 
light-house  from  the  old,  p.  22. 

CAPE  MAY  CITY,  N.  J.,  p.  23. 

CAPE  MENDOCINO.  Hydrography  near,  and  chart  of,  referred 
to  in  estimates,  p.  9. 

CAPE  SABLE,  ME.  Additions  in  sailing-charts  A,  and  to  Nos.  I 
and  II,  referred  to  in  estimates,  p.  7 ;  observ'ations  of  sea-currents 
off,p.l5;dire4!tion8fornavigatorsbeatingbetweenCapoCodand.p.l6. 

CAPE  SAN  ANTONIO.  Dredging  in  vicinity  of,  pp.  37,  38. 

CAPE  SAN  BLAS.  Reference  to,  in  estimates,  p.  8. 

CAPE  SEBABTIAN.  Hydrography  and  detailed  survey  near,  re 
ferred  to  in  estimates,  p.  9. 

CAPE  SPENCER,  ALASKA,  p.  53. 

CAPITOL  HILL,  WASHINGTON,  D.  C.  Magnetic  ob.servationH 
recorded  at  station  on,  p.  24. 

CARDIGAN,  N.  H.  Triangalatiou  .station,  p.  14. 

CARIBBEAN  SEA.  Dredging  in,  rel’orml  to  in  estinuitea,  p.  7. 

CANARSIE,  JAMAICA  BAY,  N.  Y.,  p.  17. 

CARR’S  INLET,  PUGET  SOUND,  p.  .'>2. 

CASCADE  HEAD.  Coast  chart  including,  referred  t«»  in  eHtiin.ates, 
p.  9.  ^ 

CASCADE  PORTAGE,  p.  .53. 

CATALINA  HARBOR,  p.  46. 

CATALINA  ISLAND.  Progress  of  toiiography  on,  ]»p.  .5,  4.5,  46; 
hydrography  near,  p.  46. 

CATALINA  PEAK.  Signal  ere<'te<l  on,  p.  4.5, 

CATALOGUE  OF  STARS.  Reference  to,  printe«l  as  Api»endix 
No.  7,  Reimrt  of  1876,  p.  59. 

CATAMOUNT,  N.  H.  Ti iaugnhition  station,  p.  14. 

CATHARINA  ARCHIPELAGO,  p  .54, 

CATHLAMET,  ORKG.  Tidal  observations  at,  p.  .50. 

CEDAR  KEYS.  Triangulation  near,  referred  t<»  in  estinmte.s,  p.  7 : 
also  chart  of  coast  near,  p.  8. 

CENTRAL  PACIFIC  RAILROAD.  Latitude  and  longittido  de¬ 
termined  at  Summit  Station  on,  p.  5;  observutioun  at  Siinimit 
Station  on,  of  Transit  of  Mercury,  pp.  48,  49:  see  Re  port  by  B.  A. 
Colonna,  subaMsistant,  Appendix  No.  6,  pp.  81-87. 

CHAIN  BRIDGE,  POTOMAC  RIVER,  p.  24. 

charleston,  S.  C.  Survey  of  sea  islands  and  water  pa.s.snge.s 
between  Savannah  and,  referred  to  in  est  iinates,  p.  7;  al.Ho<»r  charts 
of  coast  near,  p.  8. 

CHARLOTTE  HARBOR,  FL.4.  ProgrcH.s  of  hydrography  of,  ]»p. 
5,  32;  i-efcrre<l  to  in  estimates,  p.  7 ;  als<i  for  chart  (d‘ coast  uear,  p.  8. 

CHARTS,  pp.  C2,  63.  Reference  to  progre.ss  of  drawing  ami  eugrav- 
•“o  9f»  PP-  refeirwl  to  in  estiiinites,  pp.  7,  8,  9;  com* 

pkted  or  in  progress  during  the  y«*ar  1877-78.  Appendix  No.  4, 
pp.  77-79. 

CHASE,  A.  W.,  ASSISTANT.  Topography  of  Point  Arguelln, 
Cal.,  p.  47. 

CHESAPEAKE  AND  OHIO  CA  NAL.  Lines  of  level  on  towpath 
of,  p,  24. 

CHESAPEAKE  BAY,  AID.  Relative  to  mea.snix‘nient  of  arc  of 
meridian  from  North  Carolina  to  the  head  of,  p.  3 ;  special  observn- 
vatioDS  in  the  waters  of,  p.  4;  connection  of  Atlantic  coast  triaugu- 
lation  with  hydrography  of.  referred  to  in  estimates,  p.  6;  recon¬ 
naissance  west  of  Pbiladelpbia  to  loin  with  primary  triaugnlation 
at  head  of,  p.  21 ;  observations  on  density  of  water  of,  p.  23 ;  ri.se  of 
water  in  1876  at  Alexandria,  Va.,  during  storm  in  (he,  p.  24;  rela¬ 
tive  to  Kent  Island  base  in,  p.  27. 


CHESTER,  C.  M.,  LIEUTENANT-COMMANDER.  D.  S.  N. 
Hydrography  of  eastern  coast  of  Florida,  pp.  29,  30. 

CHESTER  COUNTY,  PA.  Triangulation  station  in,  p.  21. 

CmCKAMICOMICO,  N.  C.,  p.  26. 

j  CITY  POINT.  Chart  of  James  River  as  far  as,  referred  to  in  esti- 
I  mates,  p.  8. 

CLALLAM  BAY,  OREG  .  p.  51. 

CLARK,  JOHN,  INSTRUMENT-MAKER.  Coast  and  Geodetic 
Survey  Office,  p.  64. 

CLARK'S  STATION.  Near  western  end  of  boundary -line,  be¬ 
tween  Pennsylvania  and  New  York,  p.  20. 

CLERICAL  FORCE  OF  THE  COAST  AND  GEODETIC  SUR- 
VEY  OFFICE,  pp.  63,  64. 

CLOTER,  RICHARD,  LIEUTENANT,  U.  S.  N.  Services  in  .Sec¬ 
tion  XI,  p.  50. 

COAST  AND  GEODETIC  SURVEY.  Remarks  on  iirogress  and 
condition  of  the,  for  year  ending  Jnne  30, 1878,  pp.  1-6 ;  its  officei  s 
and  office- work,  pp.  58-64;  estimates  for  Held  and  office-work  of, 
pp.  6-9;  general  estimate  for  repairs  and  outfits  of  \'e8sels  of  the, 
p.  9.  Statistics  of  field  and  office- work  of,  to  the  close  of  the  year 
1877.  Appendix,  No.  2,  pp.  73,  74. 

COAST  AND  GEODETIC  SURVEY  OFFICE.  Officers  and  em 
j  ployes,  pp.  58-64;  information  famished  from  the,  in  reply  to 

t  special  calls  during  the  fiscal  year  ending  with  J  one,  1878,  Appen¬ 

dix  No.  3,  pp.  75, 76. 

j  COAST  HYDROGRAPHY.  Coast  of  Texas,  referred  to  in  esti- 
j  mates,  p.  7 ;  of  Maine,  pp.  11, 12 ;  of  South  Carolina,  p.  28. 

COAST  OF  ALASKA,  p.  53. 

COAST  PILOT.  Second  volume  of,  for  the  Atlantic  coast,  In  course 
of  publication,  p.  6 ;  referred  to  in  estimates,  p.  7 ;  for  Pacific 
coast,  pp.  9, 48 ;  for  compiling  and  publishing,  of  Alaska,  p.  9 ; 
North  Carolina  coast,  data  for  the,  pp.  25,  26 ;  for  coast  of  Florida, 
p.  28;  for  Alaska,  p.  53;  etched  views  for,  p.  63;  Meteorological 
Researches  for  the  use  of  the,  Part  II,  by  William  Ferrel,  Appen¬ 
dix  No.  10,  pp.  174-267. 

COAST  TIDE  TABLES  for  1879.  Atlantic  and  Pacific,  by  R.  S. 
Avery,  p.  61. 

COAST  TOPOGRAPHY.  Reference  to,  in  estimates,  pp.  6-9. 

COBB,  A.  H.,  MASTER,  U.  S.  N.  Services  in  Section  I,  p.  13 ; 
Section  VI,  p.  32 ;  Section  VII,  p.  33. 

COBSCOOKBAY.  Engraving  of  chartof,  referred  to  in  estimates,  p.7. 

CODDIN’S  HILL,  near  Marblehead,  Mass.  Signal  station,  p.  15. 

COFFIN,  G.  W.,  LIEUTENANT  COMMANDER,  U.  S.  N.  Par 
tial  8ur\*ey  of  San  Diego  Harbor,  Cal.,  p.  45;  hydrography  near 
Catalina  Island,  Cal.,  p.  46 ;  bydrogra]>hy  of  Columbia  River 
approm'hes,  Oregon,  p.  50. 

(’OHASSET.  Stations  occupied  near,  p.  15. 

'  COLLINS,  FREDERICK,  LIEUTENANT,  U.  S.  N.  Special  ob 
servatious  in  Chesu]>eako  Bay,  pp.  23,  24.  S<*rvices  in  Section  IV, 
pp.  25,  26;  in  Section  VI,  pp.  28,  29. 

COLONNA,  B.  A.,  SUBASSISTANT.  Services*  in  Section  X,  p. 
48;  observations  of  transit  of  Morcurj*,  p.  49;  services  in  Section 
XI,  p.  51.  Observations  made  at  Snmmit  Station,  Central  Pacific 

Railroad,  of  the  transit  of  Mercury,  M.ay,  1878.  Report  l»y  - , 

Appendix  No.  6,  pp.  81-87. 

COLORADO  REEFS,  near  Cnlm,  p.  34;  deep-sea  soundings  in 
vicinity  of,  p.  37. 

COLUMBIA  CITY.  Reference  to,  p.  53. 

COLUMBIA  LEDGE,  COAST  OF  MAINE,  p.  11. 

(’OLUMBIA  RIVER,  ORKG.  Progress  of  hydrography  of  ap¬ 
proaches  to,  pp.  5,  50 ;  reference  to  in  estimates,  p.  6 ;  also  for 
reconnaissance  north  from,  to  Puget  Sound,  p.  8 ;  fur  hydrography 
and  topography  and  cliartof,  referred  to  in  estimates,  p.  9;  survey 
of  the,  p.  50 ;  examination  of  shores  of,  p.  53. 

(’OLUMBUS,  OHIO.  Selection  of  geographical  positions  near,  pp. 
5,  54  :  geodetic  operations  near,  p.  56. 

COLVOS  PASSAGE,  WASH.  TER.,  p.  51. 

COMMENCEMENT  BAY.  Progress  of  surv’ey  of,  pp.  5,  .52,  53. 

COMMISSIONER’S  HALL.  Referred  to  in  special  survey  of  Phil¬ 
adelphia,  p.  22. 

COMMISSION  ON  FISH  AND  FISHERIES.  Referre<l  to  in  esti 
mates,  p.  7. 

COMMISSION  ON  PENNSYLVANIA  AND  NEW  YORK 
BOUNDARY  LINE.  Reference  to,  p.  20. 

COMPASS.  Relative  to  variations  of,  p.  58.  . 

COMPTON,  JAMES,  DISTRICT  SUPERINTENDENT  OF  THE 
WESTERN  UNION  TELEGRAPH  COMPANY.  Courtesies 
extended  by,  p.  55. 
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COMPUTING  DIVISION  OF  UNITED  STATES  COAST  AND 
GEODETIC  SURVEY  OFFICE,  pp.  60,  61. 

CONCORDIA  ROAD.  Base  lines  near  Mississippi  River,  p.  40. 

CONEY  ISLAND.  Progress  of  survey  of,  p.  4;  triangulatiou  near, 
changes  noted,  p.  17;  survey  of,  p.  18. 

CONNECTICUT.  Survey  of  coast  of,  p.  16. 

CONNECTICUT  RIVER.  Survey  of,  referred  to  in  estimates,  p  6 ;  * 

tiiangulation  of,  computed,  p.  Cl. 

CONOCOCHEAQUE  CREEK,  MD.  Primary  bench  mark  on  aque¬ 
duct  over,  p.  24. 

CONSUL-GENERAL  HALL  OF  HAVANA,  CUBA,  p.  35. 

COOPER,  PHILIP  H.,  LIEUTENANT-COMMANDER,  U.  S.  N. 
Examination  of  depth  on  the  burs  of  harbors  along  Atlantic  coast, 

p.  11. 

COOPER’S  POINT,  CAL.,  p.  47. 

COOPER,  W.  W.,  ASSISTANT.  In  office  of  the  Supeidntendent  of 
the  United  States  Coast  and  Geo<letic  Survey,  p.  64. 

CORE  SOUND,  N.  C.  Views  of  entrance  to,  p.  26. 

('ORPUS  CflHISTI,  TEX.  Continuance  of  survey  between  Rio 
Grande  aud,  referretl  to  in  estimates,  p.  7. 

CORPUS  CHItlSTI  BAY,  TEX.  Referred  to  in  estimates,  p.  8. 

COSGROVE,  PHILIP  J.,  CAPTAIN  OF  LIGHT  HOUSE  TEN 
D£R  DANDELION.  Assistance  rendered  the  Blake  wh«'n 
stranded  off  Bahia  Honda,  pp.  35,  36. 

COTTONWOOD  ISLAND,  OREG..  p.  .50. 

COURTENAY,  EDW.  U.  Coniputiiig  Division,  (‘oust  and  Geodetic 
Survey  Office,  p.  60.  ! 

(’OURTENAY,  F.  Engraving  Division,  (^last  and  Geodetic  Snr*  j 
vey  Office,  p.  63. 

COURTIS,  FRANK,  LIEITT^:NA^'i^  U.  S.  N.  llydrogn^phy  4»f  I 
the  Santa  Barbara  Channel,  Cal.,  pp.  45,  46. 

COX,  PROFESSOR  E.  T.,  STATE  GEOLOGIST  OF  INDIANA.  | 
Relative  to  recouuaissance  aud  geological  survey  in  Indiana  by, 
p.  57. 

.CRANBERRY  LSL.VND,  COAST  OF  MAINE,  p.  12. 

CRELLE’S  TABLES.  Reference  to  use  of,  Appeiidi.x  N<».  8,  pp. 

03,  116. 

CRESCENT  CITV'.  Detuilo<l  survey  near,  reference  to  in  esti¬ 
mates,  p.  9. 

CRESCENT  CITY  REEF.  Off-shore  hydrography  of,  in  ferred  to 
in  estimates,  p.  9. 

CRITTENDEN,  THOMAS  T.  Assistance  rendered  in  observing 
Transit  of  Mercury,  Appendix  No.  6,  p.  83. 

CROOKED  RIVER.  Progress  of  survey  of,  pp.  5,  33. 

('ROSS  LEDGE.  Position  of  light  on,  p.  22. 

CROTON  LANDING,  HUDSON  RIVER,  N.  Y.,  p.  10. 

(UrBA.  Reference  to  stranding  of  the  Blake  off  the  coast  of,  p.  3: 
dredging  on  north  coast  of,  pp.  34,  38;  relative  to  currents  be¬ 
tween  Yucatan  and,  p.  38. 

CULTIVATOR  SHOAL.  Current  ob8er\atious  off,  p.  15. 

CUMBERLAND,  MD.  Lines  of  level  mn  betweeu  llagerst«>wn 
and,  pp.  5,  24. 

CUMBERLAND  GAP,  KY.  Triangulation  stations  selected  near, 
p.  5. 

CUJRRENT  OBSERVATIONS.  Gulf  of  Maine,  p.  1.5,  referred  to 
in  estimates,  pp.  6,  7;  California,  p.  9;  coast  of  N#*w  England,  pp. 

15,  16;  between  Yucatan  aud  Cuba.  p.  .38. 

t’URRITUCK  BEACH  AND  LIGHT.  Views  of,  p.  2G;  inspection 
of  light-house  by  Assistant  Gerdes,  p.  26. 

CUTTS,  RICHARD  D.,  ASSISTANT.  Primaiy'  triangulation  for 
connecting  that  of  valley  of  tbe  Hudson  with  the  Atlantic  coast, 
pp.  19,  26 ;  advice  with  regard  to  details  and  progress  of  geodetic 
survey  in  Tennessee  and  Kentucky,  p.  56 ;  relative  to  geodetic 
operations  in  Ohio,  p.  56;  in  Indiana,  p.  57;  in  Wi-scoDsin,  p.  57; 
report  of  observations  on  transit  of  Mercury,  Appendix  No.  7,  pp. 

89,  90. 

CUTTS,  RICHARD  M.,  LIEUTENANT,  U.  S.  N.  Hydrography 
of  Admiralty  Inlet,  Wash.  Ter.,  pp.  51,  52. 

CYCLONES,  WATERSPOUTS,  AND  TORNADOES.  Mctcoro 
logical  re.scarches.  Part  II,  Appendix  No.  10,  pp.  175. 

D. 

DAKIN’S  COVE,  OR  ISTHMUS  VOVK,  (’al.,  p.  46.  j 

DALL,  W.  H.,  ASSISTANT.  Alaska  Cuast  Pilot  compiled  by,  * 
pp.  53,  64. 

DALLES  CITY,  OREQ.,  p.  53. 

DANDELION  (ligbt-hoose  tender),  assistance  rendered  by,  to  tbe 
Blake  stranded  off  Coast  of  Cuba,  p.  35. 


DASH  POINT,  WASH.  TER.,  p.  51. 

DAVENPORT,  IOWA.  Magnetic  observations  at,  pp.  5,  58. 

DAVIDSON,  GEORGE,  ASSI.STANT.  Supervision  of  tidal  sla 
tions  in  Sections  X,  iM,  pp.  47,  48:  triangulation  in  Sierra  Nevada 
Mountains,  p.  48;  relative  to  metbcMls  of  irrigating  valleys  of 
California,  p/48;  Coast  Pilot  for  Oregon,  Washington  Territory, 
and  California,  p.  48;  insjM‘ction  of  scientific  instruments  at  In¬ 
ternational  Exhibition,  Paris,  p.  48;  reconnaissance  for  base-lines 
on  Wbidbey  Island,  p.  51. 

DAVIDSON'S  QUADRILATERAL,  p.  48. 

DAVIES,  PROFE.S.SOR  J.  E.  Geodetic  operations  in  Wisconsin, 
p.  57. 

DAVIS,  W.  H.  Engraving  Division,  Coast  and  Geodetic  Survey 
Office,  p.  63. 

DEAD  HORSE  INLET.  Changes  noted  in,  p.  17. 

DEAN,  G.  W.,  ASSISTANT.  Latitude  and  longitude  observations 
at  Na.sbville,  Teiin.,  pp.  41,  54,  55;  at  points  in  vicinity  of  Missis- 
8ii>pi  River,  pp.  54,  55;  at  points  intermediate  betweeu  Washing¬ 
ton  and  Atlanta,  Ga.,  p.  55. 

DECATUR.  IViangulation  station,  p.  43. 

DECEPTION  PAS.S,  WHIDBEY  ISLAND,  p.  51 

DE('LINATION.  Magnetic  observations  for,  pp.  4,  5,  24,  45,  58,  COJ 

DEEP-SEA  SOUNDINGS,  GULF  OF  MEXICO,  pp.  3,  34. 

DEER  ISLE.  Prt>gre88  of  hydrography  in  vicinity  of,  pp.  4,  13. 

DKEH  ISLE  THOROUGHFARE.  Soundings  near,  p.  13. 

DELAWARE.  GctMletic  survey  in,  p.  21. 

DFLAWAKE  BAY.  Triangnlatijui  fur  light  house  ]M>sitioiis  in, 
pp.  4.  22:  vesiirvcy  of,  n*ferred  to  in  e.slimat4‘H.  p.  0;  eompiitatum 
of  ]M>sitionsof  liglit-lum.ses  in.  p.  61. 

DELAWARE  BREAKWATER  LIGHT  HOUSE,  p.  22. 

DELAWARE  RIV'ER.  Observatitms  «>f  tiiles  and  currents  of,  p. 
4 ;  resurvey  of,  reference  to  in  estimates,  p.  6 ;  station  near,  with 
reference  to  boundary  Hue  betwe<‘n  Pennsylvania  and  New  York 
p.  20;  survey  in  front  of  Philadelphia,  p.  22;  see,  also,  Appemlix 
No.  9,  pp.  121-173;  computation  of  new  triangulation  of,  p.  61. 

DELTA,  LA.  Base  line  throngh  principal  street  of,  p.  40. 

DELTA  OF  THE  MISSISSIPPI.  Revision  of  hydrography  of, 
referred  to  in  estimates,  pp.  6,  7  ;  dredging  off,  pp.  37,  38. 

DENNIS,  W.  H.,  ASSISTANT.  I'riangulatiou  of  Baintaria  Bay, 
La.,  p.  39;  of  the  Mississippi  River,  near  Natchez.,  p.  41. 

DENSIMETER  devised  by  Assistant  J.  £.  Hilgard,  use  of,  in  Chesa¬ 
peake  Bay,  p.  23:  experiments  with,  p.  59. 

DES  MOINES,  IOWA.  Magnetic  observations  at,  pp.  5,  58. 

DEVELOPMENTS.  Changes  at  several  of  principal  seaports, 
necessitating  resurveys,  p.  2;  rocks  between  Sutton  Island  and 
Great  Cranberry  Island,  p.  12;  rocks  and  shoals  off  Jericho  Bay, 
Me.,  p.  13;  shoals  off  ('oast  of  Florida,  p.  30  ;  spur  of  tbe  Yucatan 
Bank,  p.  38. 

DEVOL,  PROFESSOR  R.  S.,  of  Univci-sity  of  Ohio.  Geodetic 
operations  in  Ohio,  p.  56. 

DICKINS,  E.  F.,  SUBASSLSTANT.  Services  in  Section  X,  p.  49 ; 
s<;rvices  rendered  during  observations  on  the  transit  of  Mercury, 
Appendix  No.  6,  p.  83. 

DILLINGHAM,  A.  C.,  MASTER,  U.  S.  N.  Services  in  Section 
V,  p.  28. 

DISCOVERY  I.SLAND,  Primary  Station,  p.  61. 

DISCUSSION  OF  TIDES  IN  PENOBSCOT  BAY,  ME.,  BY 
WILLIAM  FEKREL,  Appendix  No.  11,  ]ip.  268-304. 

DISTRIBUTION  OF  SURVEYING  PARTIES  ITTON  THE  AT¬ 
LANTIC,  GULF,  AND  PACIFIC  COASTS  OF  THE  UNITED 
STATES  DURING  THE  SURVEYING  SEASON  OF  1877, 
1878,  Appendix  No.  1,  pp.  67-72. 

IXlLLAR  POINT,  TEX.  Magnetic  observations  at,  pp,  5,  45. 

DOLPHIN  POINT,  ADMIRALTY  INLET,  WASH.  TER.,  p.  51. 

DONALDSON VI LLE,  LA.  Note  on,  p.  1;  survey  of  Mi.nsissippi 
River  coutinued  at,  p.  5;  measurement  of  base  line  at,  p.  40;  triuu- 
giilation  of  the  Mississippi  River  near,  pp.  40,  41. 

DONN,  F.  C.,  AID.  Services  in  Section  VlII.,  pp.  39,  41, 

DONN,  J.  W.,  ASSISTANT.  Survey  of  Rockaway  Inlet  and 
vicinity  of  New  York,  p.  17 ;  of  Coney  Island,  N.  Y.,  p.  18. 

D(X)LITTL£,  M.  H.  Computing  Division,  Coast  and  Geodetic 
Survey  Office,  p.  61;  explanations  and  illnstrations  of  method  em¬ 
ployed  in  the  office  in  solution  of  normal  equations  and  the  adjust¬ 
ment  of  a  triangulation.  Appendix  Na  8,  pp.  115,  120. 

DOUBLE- HEADED  SHOT  KRY.S,  FLA.  Reference  to  view  of, 
p.  29. 

DOWNES,  JOHN.  Tidal  Division,  Coast  and  Geodetic  Survey 
Office,  p.  62. 
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DRAKE.  F.  J.,  LIEUTENANT,  U.  S.  K.  Services  in  Section  X, 
pp.  45. 47 ;  in  Section  XI,  p.  50. 

DRAWING  DIVISION,  COAST  AND  GEODETIC  SURVEY 
OFFICE,  pp.  52,  63;  charte  completed  or  in  progress  during  the 
year  1877-’78,  Appendix  No.  4,  pp.  77-79. 

DREDGING.  In  Gulf  of  Mexico,  pp.  3,  84 ;  off  coast  of  Cuba.  p.  34 ; 
off  coast  of  Florida,  pp.  36,  37. 

DRIFT  (schooner).  Use  of,  in  Section  I,  pp.  15,  16. 

DRIGGS,  W.  n.,  LIEUTENANT,  U.  S.  N.  Servi<cs  in  S^cfion 

X,  pp.  45,  47 ;  in  Section  XI,  p.  50. 

DRY  TORTUGA S.  Coast  examinations  near,  pp.  5,  29. 

DUBUQUE,  IOWA.  p.  57. 

DUCK  ISLAND  HARBOR,  CONN.  Shorc-liiio  survey  and  sound 
ings  in,  pp.  4,  16. 

DUER’S  CHANNEL,  SAINT  GEORGE  S  SOUND,  FLA.  Sound 
logs  in,  pp.  5,  33. 

K. 

EARNEST  (schooner).  Use  of,  in  Section  1,  pp.  12.  13  ;  in  Section 

XI,  p.  52. 

EASTERN  FLORIDA.  Hydrography  of,  pp.  29,  30. 

EASTERN  PENNSYLVANIA.  Geodetic  points  determined  in, 
pp.4,  21. 

EASTPORT,  ME.  Positions  of  new  light  houses  between  New 
York  and,  referred  to  in  estimates,  p.  6. 

EASTPORT  HARBOR.  Engraving  of  chait  of.  referred  to  in  es¬ 
timates,  p.  7. 

EEL  RIVER,  CAL.,  p.  49. 

EGGEMOGGIN  REACH.  Harbof  chart  of,  reference  to,  in  esti¬ 
mates,  p.  8;  hydrography  continued  south  and  east  of,  p.  13. 

EGG  ISLAND.  Position  of  light  ascertained,  p.  22. 

EICHHOLTZ,  H.  Drawing  Divi.sion,  Coa.st  and  Geodetic  Survey 
Otfice,  p.  62. 

EIMBECK,  WILLIAM,  ASSISTANT.  Latitude  and  longitude  . 
observations  at  Colnmbns,  Ohio,  Padneah,  Ky.,  and  Cairo,  III.,  p. 
54;  observations  at  Memphis,  p.  55;  snbreport  of  observations  on 
transit  of  Mercury,  at  Washington,  D.  C.  A]»pendix  No.  7,  pp. 

90,  91. 

ELBOW  KEY  (Abaco  Island),  p,  29. 

ELECTROTYPE  AND  PHOTOGRAPHING  DIVISION,  COAST 
AND  GEODETIC  SURVEY  OFFICE,  p.  63. 

ELLTCOTT,  EUGENE,  SUBASSISTANT.  Trinngiilation  and  to¬ 
pography  of  Puget  Sound,  Wash.  Ter.,  p.  .52. 

ELLIOTT’S  KNOB,  VA.,  p.  25. 

ELVEN,  THOMAS,  SEAMAN  ON  THE  BLAKE.  Important 
services  rendcrefl  by,  p.  35. 

ENDEAVOR  (steamer).  Use  of,  in  Section  I.  p.  11  ;  in  Section  V., 

p.  2& 

ENGLISHMAN’S  BAY,  MK,  Engmving  eb.nrt  of,  referred  to  in 
estimates,  p.  7. 

ENGRAVING  DIVISION,  COAST  AND  GEODETIC  SURVEY 
OFFICE,  p.  63.  Progress  in  engraving,  pp.  5,  6;  reference  to,  in 
e8timate.s,  pp.  7, 8, 9.  Plates  completed,  contiiined,  or  begun  during 
the  fiscal  year  ending  with  June,  1878.  Appendix  No.  5,  p.  80. 

ENTHOFFER,  J.  Engraving  Division,  Coast  and  Geodetic  Survey 
Office,  p.  63. 

EPPING  BASE,  ME.  Reference  to,  in  Appendix  No.  8,  p.  112. 

ERICHSEN,  P.  V.  Drawing  Division,  Coast  and  Geodetic  Survey 
Office,  p.  62. 

ESHLEMAN,  E.,  MECHANICIAN,  Coast  and  Geodelic  Survey 
Office,  p.  64. 

ESTIMATES,  pp.  6-9. 

EUROPE.  Reference  to  progress  of  gco<lctic  working  for  deter¬ 
mining  the  figure  of  the  earth,  p.  2;  deep-.sea  drwlging  of  expe¬ 
ditions  fitted  out  in,  p.  3 ;  addi'ess  of  Assistant  Davidson  l>efore 
the  legislainre  of  California  on  systems  of  irrigation  in  use  in, 
p.48. 

EVANS,  H.  C.  Engraving  Division,  Coast  and  GeodeGc  Survey 
Office,  p.  63. 

EXAMINATION  OF  THE  DENSITY  OF  THE  WATERS  OF 
CHESAPEAKE  BAY,  p.  23. 

F. 

FACTORY  POINT,  p.  20. 

FAIRFIELD,  G.  A.,  ASSISTANT.  Light  houses  determined  in 
position,  pp.  14.  15;  reconnaissance  in  Southern  Hlinois,  p.  57. 

FAIRFIELD,  W.  B.,  Aid.  Services  in  Section  III,  p.  25. 


FARQUE,  M.  Author  of  an  article  in  “Annales  des  Ponts  et 
ChaussOes,  1868,”  referred  to  in  Appendix  No.  9,  p.  125. 

FAR  ROCKAWAY,  N.  Y.  Changes  of  the  shore  in  vicinity  of, 
p.  17. 

FATHOMER  (schooner).  Use  of  in  Section  II,  p.  17. 

FAUST,  G.  Tidal  obseiwatlous  at  New  Orleans,  p.  40. 

FAUTH  AND  CO’S  OBSERVATORY  AND  YARD.  SOUTH 
WKSTOFCAPITOL,  WASHINGTON,  sec  Appendix  No.  7,  p.  88. 

FERNANDINA.  FLA.  Coast  examination  between  Dry  Torlugas 
and,  pp.  5,  29 ;  tidal  observations  at.  pp.  5,  29. 

FERREL,  PROFESSOR  WILLIAM.  Discussion  of  tidal  records 
of  Pulpit  Cove,  North  Haven,  Me.,  p.  4 ;  see  also  Appendix  No. 
II,  pp.  268-304,  Meteorological  Researches  for  the  Use  of  the  Coast 
Pilot,  Part  II,  by,  Appendix,  No.  10,  pp.  174-267. 

FID  ALGO  ISLAND.  Reconnaissance  near,  p.  53. 

FIELD  AND  OFFICE  WORK  OF  THE  COAST  AND  GKO 
DETIC  SURVT%Y.  Reference  to,  in  estimates,  pp.  6-9 ;  statistics 
of.  for  the  year  ending  1877,  AppendLx  No.  2,  pp.  73, 74. 

FIELD  OPERATIONS  IN  COURSE  OF  THE  FISCAL  YEAR 
ENDING  JUNE  30, 1878,  pp.  4-6;  astimates  for,  pp.  6-9. 

FIRE  ISLAND  BASE,  N.  Y.  Reference  to,  in  Api>endix  No.  8, 
p.ll2. 

FIRE  ISLAND  INLET.  Engraving  of  chart  of,  referred  to  in 
estimates,  p.  8. 

FIRM’S  STATION,  PA.,  NEAR  GREAT  BEND.  pp.  20,  21. 

FISH  AND  FISHERIES.  Reference  in  estimates  to  dredging 
work  in  connection  with  Commission  on,  p.  7. 

FISHKILL,  N.  Y.,  p.  19. 

FIVE  MILE  POINT,  DELAWARE  RIVER,  p.  22. 

FLORIDA.  Hydrography  of  east  coast  of,  pp.  5,  29, 30 ;  referred  to 
in  estimates,  p.  7 ;  Gulf  coast  of,  p.  5 ;  reference  to,  in  estimates,  p. 
7  ;  examinations  for  data  for  Coast  .Pilot  of,  pp.  25,  28  ;  observa¬ 
tions  on  temperature  and  density  of  water  oft*  coast  of,  p.  29. 

FLORIDA  BANK,  p.  38. 

FORK  STATION.  Triangnlation  in  Virginia,  p.  25. 

FORNEY,  STEHMAN,  ASSISTANT.  Topography  of  Catalina 
Island,  Cal,,  p.  46. 

FORT  LIVINGSTON,  LA.,  p.39. 

FORT  MONROE.  Progress  of  tidal  observations  at.  pj).  4, 23. 

F'ORT  POINT,  CAL.  Removal  of  tidal  station  iVoiu,  to  Saiicelito, 
pp.  47. 48. 

FORT  ROSS,  CAL.  Computation  of  triangiilntion  of  coast  near, 

p.  60. 

FORT  TOMPKINS,  N.  Y,.  p.  18. 

FORT  WORTH,  TEX.,  p.  45. 

FOX  ISLAND  GROUP,  PENOBSCOT  BAY,  MK.  Refeit  lice  t*» 
tidal  obsi*rvation8,  p.  4. 

FRENCH,  W.  B.  Services  in  Section  VIII,  p.  40;  in  Engraving 
Division,  Const  and  Geodetic  .Survey  Ofliee,  p.  G3  ;  in  oftice  of  the 
assi.stant  in  charge,  p.  64. 

FRENCHMAN’S  BAY.  Topographical  survey  at  bead  of,  pp.4, 
12  :  engraving  of  charts  iucliidiug,  referreil  b*  in  estimates,  pp.  7,  8. 

a. 

GALT.  R.  H.,  MASTER,  XL  S.  N.  Services  in  Section  X,  p. 46. 

GALVESTON,  TEX.  Hydrography  near,  referred  to  in  estimates, 
p.  7 ;  for  chart  of  ceast  from  Key  West  to,  reference  to,  in  esti¬ 
mates,  pp,  7, 8  ;  reeoiinais.saDco  in  Texas,  near,  pp.  43, 44. 

GALVESTON  BAY,  TEX.  Triangnlation  near,  pp.  5, 43 ;  referred 
to  in  estimates,  p.  7 ;  also  for  coast  chart  of,  p.  8. 

GAMBLE,  JAMES,  GENERAL  SUPERINTENDENT  OF  THE 
PACIFIC  DIVISION  OF  THE  WESTERN  UNION  TELE 
(iRAPH  COMPANY.  Assistance  gratnitoiisly  rendered  ofticers 
of  the  survey  engaged  in  observing  the  traii.sit  of  Mercury’,  May, 
1878,  p.  49 ;  Appendix  No.  6,  p.  81. 

G ARMAN,  S,  W.  Assistant  to  Prof.  Alex.  Agas.six  in  expedition 
to  Gulf  of  Mexico,  p.  3. 

GEODETIC AL  INSTITUTE.  Prussian,  p.  18. 

GEODETIC  ASSOCIATION  (International),  pp.  2, 18,  58, 64. 

GEODETIC  CONNECTION,  pp.  2,  3;  stations  of  the,  p.  5;  pro¬ 
gress  of,  referred  to  in  estimates,  pp.  6-9. 

GEODETIC  LEVELLING,  HUDSON  RIVER,  p.  19;  instrument 
for,  devised  by  Assistant  Hilgard,  p.  24. 

GEODETIC  OBSERVATIONS  AT  MOUNTS  HELENA  AND 
DIABLO,  p.  48. 
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GEODETIC  OPERATIONS.  In  Eastern  Pennsylvania  and  New  I 
Jersey,  p.  21 ;  in  Ohio,  Tennessee,  and  Kentucky,  p.  5fi  :  in  Indi-  1 
ana,  pp.  56,  57 ;  in  Wisconsin,  p.  57.  ! 

GEODETIC  STATIONS,  p.  3;  reference  to,  in  New  llaiupshiiv,  Yer-  j 
niont,  and  Massachusetts,  pp.  4,  5. 

GEODETIC  .SUliVEV.  Office  of  U.  S.  Coast  and,  to  the  clo.se  of  i 
the  dscal  year;  officers  and  office- work  of,  pp.  58-64;  statistics  of  i 
tield  and  office  work  of  the,  Appendix  No.  2,  ]»p.  73, 74 ;  infomia-  I 
tion  funiished  from  the,  in  reply  to  special  calls  during  the  tiacal  j 
year  ending  with  June,  1878,  Appendix  No.  3,  pp.  75.  76. 

GEODETIC  SURVEY  OFFICE.  Coast  and  ;  iufonuat ion  in  rejdy 
to  special  calls.  Appendix  No.  3,pp.  75, 76. 

GEOGRAPHICAL  ENUMERATION  OF  COAST  AND  GEO¬ 
DETIC  SURVEY  WORK,  pp.  4-6, 11-58. 

GEOGRAPHICAL  POSITIONS,  OHIO,  TENNESSEE,  KEN¬ 
TUCKY,  p.  .54.  I 

GEORGE’S  BANK.  Current  ohservatious  oft*  p.  1.5.  | 

GEORGE’S  SHOAL,  GULF  OF  MAINE,  p.  1.5.  i 

GEORGETOWN,  ‘D.  C.  Height  of  water  during  freshet  in  the  j 
Potomac,  1877,  at  the  Philadelphia  Steamboat  (’oui]iany’s  wharf,  I 
p.  24. 

GEORGETOWN,  S.  C.  Inlets  to  entrance  practically  closed,  p.  28.  i 
GEORGIA.  GeiHletic  connection  in,  p.  3  ;  survey  of  coast,  referred 
to  in  estimates,  p.  7 ;  reference  to  revision  of  angles  of  primary 
stations  in,  p.  60. 

GERDES,  F.  H.,  ASSISTANT.  Examination  of  life-saving  sta¬ 
tions,  p.  26. 

GERLING’S  “  AUSGLEICHUNGS  RECHNUNGEN  ’  (Hamburg 
and  Gotha,  1843),  chap.  8,  reference  to,  Appendix  No.  8,  p.  1 13. 
GERMAN  METRE,  COMPARED  WITH  AMERICAN  PENDU. 
LUM  METRE,  p.  18. 

GILBERT,  J.  J.,  ASSISTANT.  .Survey  of  the  Columbia  River,  | 
Oreg.,  p.  50 ;  triaugulation  and  topography  of  Hood’.s  Canal,  WasIi. 
Tor.,  p.  52 ;  inspection  of  work  in  charge  of,  p.  ;53.  I 

GILES.  Tnaugulation  station  near  Mississippi  River,  p. 40.  | 

(ilLFORD,  N.  H.  Ge04letic  operations  at.  pp.  4, 14. 

GILPATRICK,  W.  W.,  LIEUTENANT,  U.  S.  N.  Services,  in 
Section  X,  pp.  45, 47. 

GIRARD  COLLEGE,  PHILADELPHIA,  p.  22. 

GOAT  HILL,  N.  J.  Triaugulation  station,  N.  J.,  p.  21. 

GOLDEN  GATE,  CAL.  Tidal  and  cuiTent  observations  near,  re¬ 
ferred  to  in  estimates,  p.  9;  transfer  of  tide  gauge  to  Saiicelito,  from  ! 
Fort  Point  near,  pp.  47,  48. 

GONZALES,  FRANK,  (.’oui'tesies  shown  to  offierrs  of  the  survey  | 
by,  and  others  residing  near  Grand  Cbeiiiere,  p.  44. 

GOODFELLOW,  EDWARD,  ASSISTANT.  In  offiee  of  the  as.  | 
si.stant  in  charge  of  the  Coast  and  Geodetic  Survey  i)ffi<  e.  p.  .59.  | 

(iOVERXOR-GENKRAL  OF  CUBA.  Facilities  funiished  officers 
of  the  steamer  Blake  by,  p.  34. 

GOVERNOR’S  ISLAND,  N.  Y.  Tidal  observations  at,  pp.  4, 18.  | 

GRAND  CHENIERK,  TEX.,  p.  44.  I 

GRANGER,  F.  D.,  ASSISTANT.  Triangiilatioii  at  Gunter’s  I 
Mountain,  Ala.,  jip.  42, 43;  serviees  in  (’oinimtiiig  Division,  pp.  * 
59,  60,  61. 

GRAVESEND,  N.  Y.,p.  18.  | 

GRAY,  (;OL.  GEORGE,  CHIEF  ENGINEER  OF  SOUTHERN 
PA(!IFIC  R.MLROAI).  Free  transportation  of  instruinents  tVir 
obseiwing  transit  of  Mercury  fiimislicd  by,  Appendix  No.  6,  p.  Kl. 
GRAY,  E.  Tidal  observation.s  at  S;iucelit4>,  (’al.,  p.  18.  i 

GREAT  BEND,  p.  20.  | 

GREAT  BRITAIN.  Reference  origiii.al  and  veritied  copies  of 
the  Imperial  yaixl  presenteil  the  United  States  by,  p.  59. 

G REAT  CRANBERRY  ISLAN  1),  M E.  Rocks  developed  between  | 
Sutton  Island  and,  p.  12.  !' 

GREAT  ISAAC’S  KEY  AND  LIGHT-HOUSE,  p.  29.  ' 

GREAT  SOUTH  BAY,  N.  Y.,  p.  17. 

G  RE  A  T  ST  I RRU  P  K  E  Y,  p.  29. 

GREENE,  F.  E.,  MASTER,  U.  S.  N.  Services  in  Sictiuii  I,  p.  12,  j 
and  in  Section  V,  ]>.  28. 

GREEN’S  LANDING.  Tidc-gango  placed  on,  p.  1.3. 

GREENVILLE,  MIS.S.  Survey  of  the  M i.ssi.ssi))pi  River  at,  pp.  .5, 

41, 42 ;  station  at,  for  latitude  of  Vicksburg,  ]>.  55. 

GREEN  WELL,  W.  E.,  ASSISTANT.  Survey  soiitli  of  Point  Sal, 
Cal.,  p.  47. 

GREY  LOCK  MOUNTAIN.  Primary  station  and  triaugulation 
point,  p.  19. 


GRIFFITH,  WILLIAM.  Courtesies  shown  to  officers  of  the  sur¬ 
vey  by,  and  others  residing  near  Grand  Cheuidre,  p.  44. 

GROESBECK,  TEX.  Magnetic  observations  at,  pp.  5, 45. 

GULF  COAST.  Surveys  of,  pp.  33,  39, 43, 44 ;  Chart  of,  referred  to 
in  e.stimates,  pp.  7,  8 :  see  Appendix  No.  1,  pp.  69,  70. 

GULF  OF  MAINE.  Development  of  sea  currents  across  the,  p]). 
4, 16 :  reference  to,  in  estimates,  pp.  6,  7. 

GULF  OF  MEXICO.  Reference  to  work  in,  pp.  1,  4;  hydrography 
of,  and  deep-sea  soundings,  pp.  3,  34-38 ;  observations  for  tempera¬ 
ture  and  density  of  waters  of,  p.  5;  reference  to,  in  estimates, 
p.  7;  sailing  chart  of^  reference  to,  in  estimates,  p.  8;  triangiila- 
tion  of  Sarasota  Bay  separated  by  Long  Key  from,  p.  33;  hydrog¬ 
raphy  of  Barataria  Bay  and  shore  of,  p.  39;  magnetic  stations 
near,  p.  45. 

GULF  STREAM.  Deep-sea  soundings  in,  p.  29;  reference  to,  in 
estimafrs,  p.  7.  . 

GUN  KEY.  ])p.  29,  38. 

GUNST(X:K  MOUNTAIN.  Geodetic  work  at.  pp. 4, 14. 

GUNTER’S  MOUNTAIN.  NORTHERN  ALABAMA. p. 42. 

GUNTERSVILLK,  ALA.,  p.  42. 

ir. 

lIAGEltSTOWN,  MI).  Lines  of  level  run  Iwjtween  Cumberlainl 
and,  pp.  .5,  24. 

H.M.E’.S  EDDY.  Easteni  end  of  boundary  line  between  Pennsyl¬ 
vania  and  New  York,  p.  20. 

HALIFAX  RIVER.  Coastebart  from,  t4»( ’ape (Canaveral,  reference 
to,  ill  estimates,  p.  8. 

HALL,  HENRY  CONSUL  (lENERA L  OF  THE  UNITED 
STATES  AT  HAVANA.  Assistance  to  the  Blake  when  stranded 
off  Cuba.  pp.  34,  35. 

HALTER,  R.  E,,  AS.SISTANT.  Triaugulation  of  Laguna  Madre, 
Tex.,  p.  44. 

HAMILTON  AVENUE  FERRV  WHARF.  BROOKLYN,  N.  Y. 
Tidal  observations  at,  p.  18. 

HAMMOND  POINT,  CONN.,  p.  16. 

HAMPTON  ROADS,  VA.,  pp.  28,  33. 

IIAN(’OCK,  Ml).,  p.24. 

IIANUS,  G.  C.,  MAS'l'ER,  U.  S.  N.  Seivices  in  Section  I,  p.  13; 
in  Section  VI,  p.  :t2. 

HARBOR  OF  BALTIMORE,  MD.  Resiirvoy  of,  pp.  2. 14. 

HAR1X)R  OF  NORFOLK,  VA.  Resurvey  oi;  p.  2.. 

HARBOR  OF  PHILADELPHIA,  1*A.  Relative  to  special  survey 
of,  pp.  2,  21 ;  see  also  Appendix  No.  9,  pp.  121-173. 

HARMONIC  METHOD.  Application  of,  to  discussion  of  tidal  ob¬ 
servations,  reference  to,  p.  4. 

HARRIS.  U.,  LIEUTENANT,  U.  S.  N.  Services  in  Sei  tiou  XI, 
p.  .52. 

H.\RRISBURG,  PA.  Obs4*rvatioii8  for  longitude  and  latitude  and 
inagnetie  elements  at,  p.  4 ;  latitude  and  longitude  of,  p.  21. 

HARRISON,  'r.  A.  Services  in  Si'ctioii  X,  p.  49. 

HARTFORD,  CONN.  Survey  of  Connecticut  River  up  to.  referretl 
to  ill  estimates,  p.  6:  computation  of  triangulations  near,  p.  Cl. 

IIASSLER  (steamer).  Use  of,  in  Section  X,  p.  40;  in  Stndioii  XI, 
p.  .50. 

HATTERAS,  N.  Iii8])ection  of  life-saving  stations  above,  p.  26. 

HATTER  A  S  1 N  I.ET,  N.  C.  Views  of,  for  Coast  Pilot,  p.  26. 

IIAUPT,  PROFESSOR  L.  AI.  Geodetic  .survey  in  Pennsylvania, 

p.  21. 

HAVANA,  CUBA.  Dredging  off,^pp.  34,  38;  facilities  offered  by 
tlnv  Governor-Gi'uenil,  p.  34:  repair  of  submarine  cable  between, 
and  Key  We.st,  by  pffiecu's  of  the  Blake,  p.  38. 

HA  WA 1 1  AN  GOVERN  M  ENT.  Tide-gauge  loaned  to.  p.  .54. 

HAWK  channel.  COAST  OF  FLORIDA,  p.  29. 

HAWKINS’  POINT,  N.  C.,  p.  26. 

HAWLEY,  J.  M.,  LIEUTENANT,  U.  S.  N.  Hydrogiaphy  of 
Jericho  Bay  and  Heatl  Il.arbor,  Me.,  pp.  12,  13;  hydrography  of 
(.’liarlotte  Harbor,  Fla.,  p.  32 ;  hydrogra]>hy  of  Saint  George’s 
Sound,  Fla.,  p.  33. 

H A  YCOCK.  Signal  station,  p.  21.  ‘ 

HAZEL  POINT,  WASH.  TER.,  p.  .52. 

UE.4D  HARBOR,  ME.  (’hart  of,  refeired  to  in  estimates,  p.  8; 
hydrogi'a])hy  of,  pp.  12, 13  ;  tidal  observations  at,  p.  13. 

HELENA,  ARK.  Survey  of  Mississippi  River  coutinned  to,  p.  5; 
latitude  and  longitude  observations  at,  pp.  41,  42,  55 ;  computation 
of  observations  for  azimuth,  p.  60. 
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HELENA  BASE-LINE.  p.  42. 

HELENA  MOUNTAIN.  Station,  pp.  5.  48. 

HEMPSTEAD.  TEX.  Mafinetic  obfiervatioim  «t,  pp.  r>.  45. 

HERBERT.  W.  A.  In  oflBce  of  diHboraing  ag*>nt  of  ('ohh(  and 
Geodetic  Survey,  p.  63 :  in  office  of  the  aR.HiMtant  in  charge,  p.  64. 

HEREFORD  INLET.  I*o»ition  of  light  at.  pp.  22,  23. 

HERGKSHEIMER,  E.,  ASSISTANT.  In  office  of  aHRistant  in 
charge  of  Coast  and  Geodetic  Survey  Office,  drawing  of  chartB  for 
photography,  p.  59. 

HERGESHEIMBR,  JOSEPH,  SUB  ASSIST  A  NT.  Survey  of  Duck 
Island  Harbor,  Conn.,  p.  16;  triangulation  of  Sarasota  Bay.  Fla., 

'  p.  33:  survey  of  (.’rooked  River,  p.  33. 

HETZEL  SHOAL.  FLA.,  p.  30. 

HEYWARD,  MR.,  OF  SABINE  CITY,  ASSISTA  NT  KNtilNEER 
AT  UNITED  STATES  ENGINEER  WORKS.  Thanks  foi 
ices  rendere<l  by,  p.  44. 

HICKMAN,  KY.  GeiHletic  connection,  pp.  .5,  54. 

HICKORY  BLUFF,  FLA.  Tidal  observations  near.  p.  32. 

HIGBEE.  Triangulation  station,  p.  22. 

HIGH  ISLANDS,  COAST  OF  TEXAS,  pp.  43,  44. 

HILGARD,  J.  E.,  ASSISTANT.  In  charge  of  Coast  and  tlcodetic 
Survey  Office,  pp.  58,  59;  reference  to.  as  member  of  international 
Gewletic  Association,  p.  2:  reference  to  apparatus  for  obtaining 
specimebs  of  water  devised  by,  pp.  23,  59:  instrument  for  running 
lines  of  level  by,  p.  24  ;  relative  to  points  for  magnetic  ob.servations 
M*lecte«l  by,  p.  58. 

HITCHCOCK  (steamer).  Use  of,  in  Section  VI,  pp.  30,  31. 

HODGKINS,  W.  C.,  AID.  Services  in  S*M*tion  II,  p.  19. 

HONOLULU,  SANDWICH  ISLANDS.  Tidal observatioiisat,  p.  54. 

HOOD’S  CANAL,  WASH.  TER.  Sun-ey  of  north  part  of,  p.  5; 
triangnlation  and  topography  of,  pp.  52,  53. 

HOOVER,^ D.  N.  Miscellaneous  Division,  C«*ast  and  G«-o<lctlc  Sur¬ 
vey  Office,  p.  64. 

HOOVER,  JOHN  T.  Obituary,  p.  10;  reference  to  past  .siu-viees  in 
Division  of  Charts  and  Instruments,  p.  63. 

HGSMKR,  CHARLES.  ASSISTANT.  Topography  of  Skilling 
River,  Me.,  p.  12;  base-line  near  Mississippi  River,  p.  40;  Missis¬ 
sippi  River  survey  at  Vicksburg,  p.  41 ;  at  Greenville,  p.  41. 

HUDSON  RIVER.  Topography  of  shores  of,  pp.  4,  19;  referred 
to  in  estimates,  p.  6 ;  chart  of,  referred  to  in  estimates,  p.  8  ;  levels, 
pp.  19,  59:  primary  triangnlation  of  the  valley  of,  p.  19. 

HUGHES,  ROBERT,  Telegraph  opeiator  at  Summit,  (’al.  S<tv- 
ices  rendered  observers  of  the  transit  of  Mercnry,  p,  49 ;  8c< » 
also,  Appendix,  No.  6,  p.  83. 

HUMBOLDT  BAY,  p.  49. 

HUTTON,  No.  220.  Sidereal  chnniomctcr.  I'sc  of,  in  ob.servations 
of  transit  of  Mercury,  May,  1878.  Appendix,  No.  7,  pp,  90,  91, 

HUMPBACK.  Triangnlation  station,  p.  25 ;  ^Mountain,  p.  25. 

HUNTSVILLE,  ALA.,  p.  43. 

HYDROGRAPHIC  DIVISION,  UNITED  STATES  COAST  AND 
GEODETIC  SURVEY  OFFICE,  p]».  .59.  60. 

HYDROGRAPHY.  Necessity  at  important  hM-alities  of  revision  of, 
pp.  1,  2;  progress  of,  at  various  points,  pp.  4-6;  referred  to  in 
estimates,  pp.  6-9;  of  the  coast  of  Maine,  p.  11 ;  of  Jericho  Bay 
and  Head  Harbor,  Me.,  pp.  12,  13;  const  of  South  Carolina,  p.  28  . 
eastern  coast  of  Florida,  pp.  29,  30;  of  Charlotte  Uarlior,  Fla.,  p, 
32;  Saint  George  s  Sound,  Fla.,  p.  33;  of  tJie  Gulf  of  Mexico,  p. 
34;  of  Barataria  Bay.  La.,  p.  39;  of  the  Santa  Barham  (’hanuel. 
Cal.,  pp.  45,  46;  near  Catalina  Island,  (’al.,  p.  46  ;  of  the  Columbia 
River  approaches.  Oreg.,  p.  50;  of  Admiralty  Inhd,  Wash.  Ter., 
p.  51. 


lARDELLA,  C.  T.,  ASSISTANT.  To])ogj;iphy  uf  Capo  Fear 
River,  N.  C..  p.  26. 

ILLINOIS  (SOUTHERN).  Geographical  ]K)sitions  in,  pp.  5,  15: 
reconnaissance  in,  p.  57. 

IMPERIAL  YARD.  Standard,  presented  by  (ireat  Britain,  and 
comparisons  with,  pp.  58,  59. 

INDIA.  Observations  by  Assistant  (ieorge  Davidson  on  luctliods 
of  irrigation  in,  p.  48. 

INDIANA.  Geodetic  operations  in,  p}».  5<J,  .57. 

INDIANAPOLIS,  IND.,  p.  57. 

INDIAN  RIVER.  Survey  of;  pp.  .5,  7.  31 ;  charts  of,  i-elerred  to  in 
estimates,  p.  8.  , 

INDIAN  RIVER  INLET.  Chart  of,  referred  to  in  estimates,  p.  8.  I 

INDIAN  TERRITORY.  Magnetic  observations  in,  pp.  5, 45,  58.  | 


INFORMATION  FURNISHED  FROM  THE  OFFICE  OF  THE 
COAST  AND  (;EODETfC  SURVEY  IN  REPLY  TO  SPECIAL 
CALLS  DURING  THE  FISCAL  YEAR  ENDING  WITH 
JUNE,  1878.  Appendix  No.  3,  pp.  75,  76.  * 

IN'SPECITIONS.  Of  life  living  stations  by  As-sistant  F.  H.  (ierdea, 
p. 26:  of  work  in  Puget  Sound  ami  vicinity,  by  As.sistant  A.  F. 
Rodgers,  p.  .53, 

INTERN  AT  ION  A  L  COMMISSION  ON  WEKiHTS  AND  MEAS- 
I'RES.  KcferciM’C  to  Assistant  J.  E,  Ililgnrd  as  an  active  niciiii>cr 
of,  p.  .58. 

INTERNATION  AL  EXPOSITION,  PARIS,  p.  18. 

INTERNATIONAL  GEODETIC  ASSOCIATION,  pp.  2,  18.  As- 
.si.Htant  J.  E.  Hilgard  member  of.  p.  58 ;  invention  by  Mr.  Saegmuller 
described  in  Transactions  of  the,  for  1878,  p.  64. 

INTERNATIONAL  (K  EAN  TELEGRAPH  COMPANY,  p.  38. 

IRRIGATION.  Methods  «*f,  in  India,  rcfcivncc  to,  p.  48. 

ISLE  AU  HAI^T.  Hydrography  of  vicinity  of,  pp.  4. 11, 1,3. 

ISLE  AD  HAi’T  THOROUGHFARE.  Tidal  obwrvationa,  p.  13. 

ISOTHERMAL  AND  ISOBAKIC  CHARTS  OF  ALASKA.  Ref¬ 
erence  to.  p.  .53. 

ISTHMUS  COVE.  CATALINA  ISLAND.  CAL..p.46. 

IVES.  C.  A..  A  ID.  Services  in  Section  V  I,  pp.  30,  .32 ;  in  Computing 
Divi.sion,  (’oast  and  (ieodetic  Survey  Office,  pp.  60.  61. 

J. 

JACKSONVILLE.  Fi.A..  p.  30. 

JACOBI,  W.  Insti niiiciil  shop.  Coast  and  Geodetic  Survey  Office, 
p.  64. 

JACOBY.  H.  M.,  MASTER.  U.  S.  N.  Services  in  Section  YTII. 
pp.  37,  39. 

JA^IAICA  BAY.  N.  Y.  Topographical  survey  of,  and  approaches, 
pp.  4. 17, 18;  chart  of,  referred  to  in  estimates,  p.  8. 

JAMES  RIVER,  VA.  Detailed  survey  of,  referred  to  in  estimates, 
p.  6;  chart  of,  refcrre<l  to  in  estlinntcs,  p.  8;  computation  of  trian- 
giilation  of.  years  1 875-76-’77,  p.  60. 

JAKBOK.  C.  W..  LIEUTENANT,  U.  S.  N.  Services  in  Section 
X,  pp.  4,5,  47  ;  in  Section  XI,  p.  50. 

JERICHO  BAY,  ME.  Hydrography  of,  p]).  12,  13;  rocks  and 
shoals  devcloiied  in.  p.  13. 

JOHNS,  GA.  Primary  station,  ]>.  61. 

JOLBOS  ISLAND.  Shelter  for  the  Blake  near.  p.  37. 

JOLIET  LIMESTONE,  AVIS.  Base-line  marked  by  moiimuciits 
of.  p.  .57. 

JUNKEN,  CHARLES,  ASSISTANT.  Relative  G  freshet  in  the 
Potomac,  NovenilH'r,  1877,  p.  24 ;  scrvit’cs  in  Drawing  Division. 
Coast  and  CiCO<letic  Survey  Offici*,  p.  02. 

K. 

KALAMA.  COLT'MBJA  RIVER,  OREti.p.j;  tiiaugulatuuniear 
p.  50;  inspe<'tiun  near,  p.  53. 

KANSAS.  Magnetic  oViservations  in,  p.  5. 

K ARCHER,  L.  Drawing  Division,  (Nuist  and  Geodetic  Survey 
Office,  p.  62, 

KENT  ISLAND  AND  ATLANTA  BASE-LINES.  Refereucc  to, 
pp.  5,27,43;  report  by  Charles  A.  Schott,  assistant;  ad,iustinent 
of  the  primary  triangnlation  between  the,  Appendix  No.  8,  pj). 
92-119. 

KENT  ISLAND  AND  PEACH  TREE  RIDGE  BASE-LINES. 
.See  Appendix  No.  8,  p,  92. 

KENTUCKY’'.  Triangnlation  stations  selected  in,  p.  5;  geograph¬ 
ical  positions  in,  p.  ;54  :  geodetic  .survey  in,  p.  50.  ^  . 

KEOKUK,  IOWA.  Magnetic  obsen'ations  at,  pp.  .5,  .58. 

KERR,  L.  C,,  AID.  Services  in  Section  IV.  p.  20;  in  Engraving 
Division,  Coast  and  (Jecsletic  Survey  Office,  p.  03. 

KERR,  PROFESStJR  W.  C.  State  geologi.st  of  North  Cai-olina, 
p.27. 

KETRON  ISLAND,  AVASH.  TER.,  p.  52. 

KEY  AVEST,  FLA.  Charts  of  co;i.st  between  Galveston  and.  refer¬ 
ence  to,  in  estimates,  p.  8  :  survey  near,  p.  29 ;  harlmr  of  refuge  for 
the  Blake  during  a  noilher,  p.  34  :  coiirtesii's  extciidesl  offi«-ers  of 
the  Blake  by  (’ommander  Nichols,  U.  S.  N.,  light-house  inspector 
at,  p.  36:  dretlging  off  the  coast  of.  pp.  37,  38. 

KILBURN,  W.,  MASTER,  U.  S.  N.  Services  in  Section  VIII.  p.  42. 

KINCHELOE  (schooner).  Use  of,  in  ^Section  XI,  p.  50. 

KING'S  MOUNTAIN,  N.  C.  Primary  station,  p.  26 ;  com pntat ions 
for  time  and  azimuth  at,  (1877),  pp.  60, 61. 
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KLAMATH  RIVER.  Hydrography  near,  referred  to  in  estiniateM, 
p.  9. 

KNIGHT,  H.  M.  Engraving  DivinioD,  Coast  and  (icodetic  Survey 
Office,  p.  63. 

KOC)S  BAY.  Chart  of,  reference  to.  in  estiniaiea,  p.  9. 

KURO-SIWO  CURRENT.  CALIFORNIA  BRANCH.  Referred 
to  in  estimate.**,  p,  9. 

I>. 

LACKEY.  F.  E.  Miscellaneous  Divi.nion,  Coast  and  Geodetie 
Survey  Office,  p.  64. 

LA  CONNER,  WASH.  TER.,  p.  .Vt. 

LA  CROSSE,  WIS.  Magnetic  elements  dotennined  at,  pp.  .'»7.  5B. 

LA  GITANA.  (Spanish  tug  boat),  p.  35. 

LAGUNA,  CAL.,  p.6l. 

LAGUNA  MADRE,  TEX.  Triangulation  of,  pp.  .5,  44. 

LAKE  BORGNE.  Chart  of,  referred  to  in  estimates,  p.  K;  trigono 
metrical  survey  between  Mis.sissippi  River  and.  referred  (o  in 
estimates,  p.  7. 

LAKE  CHAMPLAIN.  Triangulation  between  laike  Erie  and.  re¬ 
ferred  to  ill  estimates,  p.  6. 

LAKE  ERIE.  Relative  to  boundary  line  between  Pennsylvania 
and  New  York,  r»*ferenee  to  point  near,  p.  20. 

LAKE  MAUREPAS.’  Trigonometrical  survey  between  Mississi)»pi  * 
River  and,  reference  to,  in  estimates,  p.  7 ;  chart  of,  referred  to  in 
estimates,  p.  8. 

LAKE  PONTCHARTRAIN.  Trigonometrical  survey  bt'twwu 
Mississippi  River  and.  reference  to,  in  estimates,  p.  7;  chart  of, 
referred  to  in  estimates,  p.  8. 

LAKE  WASHINGTON,  WASH.  TER.  Inspection  by  Assistant 
A.  F.  Rodgers  of  work  at,  p.  53. 

L.ANE,  WILLIAM.  Superintendent  of  United  Slates  Engineer 
works  at  Ikilivar  Point,  Tex.,  p.  44. 

LARI  BY  BUTTE,  p.  49. 

L  AS  BOLS AS,  C  A  L.  Signals  erected  at,  p.  45. 

LATITUDE  AND  LONGITUDE  OBSERVATIONS.  In  Penn¬ 
sylvania,  pp,  20, 21;  for  Uan-isburg,  p.  21 ;  in  Tenne.ssce  and  Ark¬ 
ansas,  p.  41;  in  Mississippi,  p.  42;  in  Tennessee  and  Kentucky, 
p.  55. 

LATITUDE-STARS.  Revision  of  catalogue  of,  Appendix  No. 7,  of 
Report  of  1876,  by  Assistant  Tittnuin,  p,  59. 

LAWRENCE,  KANS.  Magnetic  observations  at,  jtp.  5,  .">8. 

L.AWSON,  J.  S.,  ASSIS'l’ANT.  Reeounais,sauce  fur  stations  in 
Wash.  Ter.,  pp,  50,  51. 

LEBANON,  TENN.  Asti-ouomical  observations  at,p.”5;  ob.sorva- 
tioiis  for  latitude  and  azimuth  at  north  end  of  base-lino  at,  p.  5<j; 
computations  for  length  of  base-line  at,  p.  61. 

I.E  BOVE  BAYOU.  Reconnaissance  on  coast  of  Texas,  p.  44. 

LEE,  THOMAS  N.,  LIEUTENANT,  U.  S.  N.  Death  of,  p.3l. 

LETOURNAU,  P.G.,  SAILING  MASTER  OF  THE  EARNEST, 
p.l3. 

LEUTZE,  E.  H.  C.,  LIEUTENANT.  U.  S.  N.  Services  in  Section 
X,  p.  46. 

LEVELLING  INSTRUMENT,  DESIGNED  BY  ASSIST vVNT  J. 
E.  HILGARD,  p.  24. 

LICKING  CREEK.  Aqueduct  over,  p. 24. 

LIFE-SAVING  STATIONS  OF  THE  UNITED  STATES.  Posi 
tions  determined,  p.  26 ;  referred  to  in  estimates,  p.  7. 

LIGHT-HOUSES.  Rcfeivnce  to,  in  estimates,  p.  7  ;  positions  of, 
determined,  p.  14  ;  In  Delaware  Bay,  pp.  22,  23,  Gl. 

LIGHT  HOUSE  POlNXr  FLA.,  pp.  5,  33. 

LINCOLN,  EDW.  H.,  CIVIL  ENGINEER.  Services  in  physical 
survey  of  Delaware  River,  Apptmdix  No.  9,  p.  121. 

LINDENKOHL,  A.  Drawing  Division,  Coast  and  Geodetic  Surv'ey 
Office,  p.  62. 

LINDENKOHL,  H.  Drawing  Division,  Coast  and  Geodetic  Survey' 
Office,  p.  62. 

LINES  OF  LEVEL  BETWEEN  HAGERSTOWN  AND  t’UM- 
BERLAND,  MD.,  pp.  4, 5;  on  the  Hudson  Riv«*r,  p.  19  ;  from  At¬ 
lantic  coaat,  westward,  p.  24. 

LITTLE  RIVER  BAR,  S.  C..  p.  28. 

LOBANOFF.  P.  Computing  Division,  (’oast  and  Geodetic  Survey- 
Office,  pp.  60, 61. 

LOCKMILLS,  POTOMAC  RIVER,  p.  24. 

LONG  BRIDGE  OVER  THE  POTOMAC  RIVER  AT  WASH¬ 
INGTON,  D.C.,  p.24. 


I  IA)NGFELLf)W.  A.  W.,  ASSISTANT.  Topography  of  Blue  Hill 
Bay,  Me.,  p.  12. 

LONG  ISLAND.  N.  Y.  Survey  of  shores  of,  pp.  4.  17,  18;  topo- 
I  gi-aphical  .sheet  of  Blue  Hill  Bay  including  part  of,  p.  12;  tidal  ob- 
i  .servatious  near,  p.  19 ;  computation  of  triangulation  of,  (1875),  p.  60. 

1  LONG  ISL.AND  SOUND,  N.  Y.  Necessary  revision  of  hydrogra¬ 
phy  of,  referred  to  in  estimates,  p.  6. 

LONGITUDE  AND  LATITUDE  OBSERVATIONS.  See  above, 
Latitude  and  Longitude  observations. 

LONG  KEY,  DIVIDING  SARASOTA  BAY  FROM  GULF  OF 
'  MEXICO,  p.  33. 

T.ONG  POINT,  CATALINA  ISLAND,  CAL ,  p.46. 

LOOKOUT  STATION  NEAR  MISSISSIPPI  RIVER,  p.  40. 

[  LOSANGEI.,ES  CttUNTY'.  E.stimate  for  continuing  topography 
I  of,  p.  9. 

LOUISI  AN.\.  Reconnaissance  along  coast  of,  p.  5  ;  ivference  to,  in 
'  estimates,  p.  7. 

LOUISVILLE,  KV..  p. 

LOW,  W,  F..  MAS'l’EK,  U.  S.  N.  Si^rvices  in  Sci  tion  II.  p.  17  :  in 
[  Si  ctioii  V  III.  p.  40. 

'  LOWER  M  ISS1SSIJ*PI.  Health  of  odieei  H  engaged  on  survey  of,  p. 
1  (see  also  note  on  p.  1). 

LOWER  SOUND,  CA  LLED  ALSO  POSSESSION  SOUND,  WASH. 
TER.,  p.  52. 

LULL,  EDWARD  P..  COMMANDER,  U.  S.  N.  Hydrographic  in- 
Hpei-tor  of  tlie  Coast  and  Geodetic  Survey ,  pp.  11,  59. 

LYNCHBURG,  VA.  Primary  triangulatiou  near,  p.  25. 

'  LYN.VHAVEN  BA Y,  V A.,  p.  23. 

1 

I  ^lAUlIlAS  B.AY,  HAKBOR.  Charts  of,  lelerred  to  in  estimates, 

I  p.7. 

!  MAD  lUVEK.  Reeuiinaisisance  near,  p.  9. 

MADISON,  WIS.  Magnetic  obseiwatious  at  Observatory,  pp.  3, 57, 
j  .58  ;  geogitn»hieal  positions  near,  p.  5 ;  asti-onumical  station  at,  p.  57. 

I  MAEDEL,  E.  A.  Engraving  Division,  Coast  and  (fcodetic  Survey 
Office,  p.  63. 

M.AGNESIUM  LIGHTS.  Use  of,  in  observations  for  meaH‘..riug 
angles  at  night,  p.  27. 

M.AGNETK’  OBSEK V .\TIONS.  Annual,  at  station  on  Capitol 
Hill,  pp.  3,  24,  06;  at  Madison  Observatory,  Wis.,  pp.  3,  57;  from 
Atlanta  Vkisi*  Mississipjd  River,  reference  to,  In  estimates,  p.  6; 
j  to  conlinne  organized  system  of,  reference  to,  in  estimates,  p  9;  in 
I  Texas,  and  between  (Jnlf  of  Mexico  and  Ogden,  near  Salt  Lake,  p. 

I  45:  ill  the  interij)r  States  and  Teriitories,  jip.  56.  58;  at  Madi- 

I  son  and  I>a  Cn>8.sc,  Wis.,  p.  57 ;  n  sults  of,  at  Madison.  Wis., 

'  p.  61. 

.MAGNETIC  OBSERVATORY',  MADISON,  WIS.,  pp.  3,  57,  60, 
61,64. 

i  MAGNETIC  STORMS,  ]),. 58. 

MAIN,  J.  Computing  Divi.sion,  Coast  and  GtHidetic  Survey  Office, 

p.  60. 

MAINE.  Tidal  observations  in  Penobscot  Bay.  p.  4:  see  Appendix 
No.  11,  pp.  268-304:  soundings  off  ceast  of,  pp.  4, 11, 12. 

MAINE.  GULF  OF.  Sea-currents  of,  p.  4;  refeiTwl  to  in  esti- 
I  mates,  j).  6;  reference  to  roles  for  guidance  of  mariners  in  cross¬ 
ing.  deduce*!  by  .VKsistaiit  H.  Mitchell,  p.  16. 

MAN  AN,  GRAND.  Off-shoie  hydrography  near,  refem'd  to  in 
estimates,  p.  6. 

MANATEE,  FLA.  Ib'pairs  to  the  Sillimau  at,  p.  33. 

I  MANHATTAN  BEACH,  LONG  ISLAND.  Survey  of,  p.  18. 

I  MANOMET  HILL.p.14. 

MAPES,  W.  U.  Inspecting  engineer  in  office  of  hydn»graphic 
inspector. 

MARBLEHEAD.  Detenuinatiou  of  positions  of  light-houses  near, 
pp.  14. 15. 

MARE  ISLAND.  U.VL.  Computation  of  triangnlation  of,  p.  60. 

MARTEL.  Entrance  to,  p.  38. 

MARIN  DIN,  11.  L.  Services  in  physical  survey  DelawaiX!  RivCr 
j  at  PhUadelpliia.  p.  22 ;  see  Aiq»endix  No.  9,  p.  121. 

MARQUESAS  ISLANDS.  Dre<lging  off  shores  of.  p.  37. 

MARY'LAND.  Means  furnished  by  the  State  of,  for  resurvey  4)f 
[  Baltimore  Harbor,  p.  2;  arc  of  meridian  in.  p.  3;  reference  to 

j  Kent  Island  base-line,  p.  5;  triangnlation  near  boundary  line  of 

Virginia  and,  reference  to,  in  estimates,  p.  6;  closing  of  chain  of 
I  quadrilaterals  extending  from  Kent  l.sland  base  line  in,  to  near 
Atlanta,  Ga.,  p.  43, 
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MASONBOROUGH  SOUND,  N.  C.,  p.  26. 

MASSACHUSETTS.  Position  of  light-houses  on  coast  of,  p.  4; 
primary  triangnlation  in,  p.  4 ;  resurvey  of  Boston  Harbor  by  di¬ 
rection  of  legislature  of,  p.  14. 

MASSACHUSETTS  BAY.  Current  station  across  entrauce  of, 

p.  16. 

MATAGORDA  BAY.  Charts  of,  referred  to  in  estimates,  p.  8. 

MAURICE  RIYER.  Position  of  light-house  at,  p.  22. 

MAY,  S.  H.,  MASTER,  U.  S.  N.  Services  in  Section  H.  p.  17:  in 
Section  VIII,  p.  40. 

MAYNARD,  WASHBURN,  LIEUTENANT,  U.  S.  N.  Services 
in  Section  II,  p.  17. 

McARTHUR  (steamer).  Use  of,  in  Section  X.  pp.  4o,  46. 

McCORKLE,  S.  C.,  ASSISTANT.  Special  survey  of  Philadelphia 
Harbor,  pp.  21,  22:  reference  to,  in  Appendix  No.  9,  p.  136. 

McCRKA,  HENRY,  MASTER,  U.  S.  N.  Servicers  in  Section  VIII, 
pp.  34, 39. 

McDonnell,  THOMAS.  in  charge  of  chart  room.  p.  04. 

McNIEL  ISLAND,  WASH.  TBR.,  p.52. 

MEETING  HOUSE  HILL,  NEAR  WILMINGTON.  DEL,  p.21. 

MEMPHIS,  TENN.  Observations  for  latitude  and  longitude  at. 
pp.  5, 54,  55. 

MENDOCINO  CITY,  (AL.  Reconnaissance  near,  p.  48. 

MENUNKETESUCK  POINT,  CONN.  Soundings  near,  p.  16. 

MERCURY,  TRANSIT  OF.  Observations  on,  pp.  48,  49,  60:  obser¬ 
vations  made  at  Summit  Station.  Central  Pacific  Railroad,  of  the. 
May,  1878;  report  by  B.  A.  Colonna,  assistant.  Appendix  No.  6, 
pp.  81-87 ;  observations  of.  May  6,  made  at  Washington.  D.  C., 
report  by  Charles  A.  Schott,  assistant.  Appendix  No.  7.  pp. 
88-91. 

MERIDIAN.  From  Nantucket  Island  to  Mount  Blue,  Me.,  refer¬ 
ence  to  arc  of,  p.  3. 

MERMENTON  RIVER,  TEX.,  p.44. 

MERRILLS  ISLAND,  INDIAN  RIVER,  FLA..  p.31. 

MERRYMAN,  J.  H.,  CAPTAIN.  U.  .S.  R.  M.  Inspec  tor  of  life 
saving  stations,  p.  26. 

MERTZ,  A.,  ENSIGN,  U.  S.  N.  Services  in  Section  I.  p.  13;  in 
Section  VI,  p.  33;  in  Section  VII,  p.  33. 

METEOROLOGICAL  RESEARCHES  FOR  THE  CSE  OF  THE 
COAST  PILOT.  Part  II,  on  cyclones,  tornadoes,  and  water¬ 
spouts,  by  William  I'errel,  Appendix  No.  10,  pp.  174-267. 

MEUTH,  C.  A.  Drawing  Division,  Coast  and  Geodetic  Survey 
OlBce,  p.  62.  , 

MEXICO.  Relative  to  secular  change  of  magnetic  declination  in. 

p.  60. 

MEXI(*0.  GULF  OF.  R«*feivnce  to  vessels  employed  In,  p.  1  ;  rela-  . 
live  to  hydrography  of.  and  <leep-.sea  soundings,  pp.  3,  7; 

drawing  of  sailing  chart  of,  referred  to  in  estimates,  p.  8  ;  progress 
of  work  in,  p.  4 ;  Sarasota  Bay  seimrated  by  narrow  key  from,  p. 

33 ;  Hydrography  of,  p.  34 ;  magnetic  observations  near,  p.  45.  ; 

MICROMETERS.  Use  of,  in  pendulum  experiments,  by  Assistant  { 
C.  S.  Peirce,  p.  18  ‘ 

MIDDLE  BASE,  HELENA,  ARK.  ('uiiiputation  of  observations  j 
for  time,  1878,  p.  60. 

MILL  HILL,  p.  14.  , 

MINNEAPOLIS,  MINN.  Magnetic  elements  determined,  pp.  5,  j 
58.  I 

MINNESOTA.  Magnetic  observations  in,  p.  5.  j 

MINOT'S  LEDGE.  Position  of  light-house  ou,  p.  15. 

MISCELLANEOUS  DIVISION,  COAST  AND  GEODETIC  SI  R-  ' 
VEY  OFFICE  (fonnerly  Division  of  Charts  and  Instruments),  j 
p.  63. 

MISPILLION  CREEK.  Position  of  light  at,  p.  22.  * 

MISSISSIPPI.  Triangiilutlon  statious  selectcMl  in  northern,  ]».  5;  I 
bottom  lands  of,  )i.  55. 

MISSISSIPPI  RIVER.  Reference  tu  survey  of  lower,  p.  1 ;  re<‘ord  j 
of  water-level,  p.  5 ;  longitude  of  places  along  the,  p.  5 ;  triangula-  i 
tion  from  Atlanta  base  to,  refei-eiice  to,  in  estimates,  pp.  6,  7 : 
charts  of  entraneo  to,  referred  to  in  estiniaU'S,  p.  8;  transfer  of 
the  Hitchcock  to  service  in,  pp.  30,  31  ;  triangnlation  from  Bara-  ] 
taria  Bay  to,  p.  39 ;  tidal  observations  in,  p.  40 ;  base-lines  near.  p.  | 
40;  triangnlation  of,  near  Donaldsonville,  La.,  pp.  40,  41:  near  ^ 
Natchee,  Miss.,  p.  41 ;  survey  at  Vicksburg,  p.  41 ;  survey  at  Gre«*u-  , 
viUe,  p.  41 ;  latitude  and  longitude  observations  along  the.  pp.  41,  < 

54,  55;  triaugulati<»n  of,  p.  42;  general  reconnaissance  between  ’ 
the,  and  Huntsville,  Ala.,  p.  43 ;  <'oinputntion  of  triangles,  p.  60. 
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MISSISSIPPI  KIVER  DELTA.  RevinioD  of  hydrography  of.  p. 
6 ;  referred  to  in  estimates,  p.  7 ;  dredging  oflT,  p.  87. 

MISSISSIPPI  SOUND.  Coast  chart  of,  near,  referred  to  in  esti¬ 
mates,  1).  8.  * 

MITCHELL.  HENRY,  ASSISTANT.  General  direcUon  of  obser¬ 
vation  of  sea-currents  off  New  England  coast,  and  instmetions  to 
mariners  crossing  Gnlf  of  Maine,  p.  16 ;  in  charge  of  physical  sur¬ 
vey  of  the  Delaware  River  in  front  of  Philadelphia,  p.  22;  report 
by.  Appendix  No.  9,  p]>.  121-173. 

MITCHELL,  R..  MASTER,  U.  S.  N.  Services  in  Section  X,  pp. 
4.5,  47 :  in  Section  XI,  p.  50. 

MOLKOW,  E.  Drawing  Division,  Coast  and  Geodetic  Survey  Office, 
p.  62;  services  in  Engraving  Division,  p.  63. 

MONHEGAN  ISLAND.  Ledge  developed  off,  p.  12. 

MONTANA,  N.  J.  Signal  station,  p.  21. 

MONTEREY  BAY,  CAL.  Coast  triangnlation  near,  referred  to  in 
CMtimates,  pp.  8,  9  :  plane  table  survey  of,  p.  47 :  computation  of 
triangnlation  of,  p.  60. 

MONT(;OMERY,  ALA.,  p.  .5.5. 

MOORE.  E.  K.,  LIEUTENANT,  U.  S.  N.  Services  in  Section  X, 
p.  46. 

MOORE,  FRANK.  Miscellaneous  Division,  Coast  and  Geodetic 
Survey  Office,  x).  64. 

M(X)RK,  N.  C.,  p.  61. 

MOORE,  W.  L,  LIEUTENANT.  U.  S.  N.  Hydrography  of  Bara- 
taria  Bay,  La.,  pp.  39,40;  Hydrographic  Division,  Coast  and  Geo¬ 
detic  Survey  Office,  j).  59. 

MOORE,  W.  S.,  PASSED  ASSISTANT  ENGINEER  OF  THE 
BLAKE.  pi>.  34.  35.  .36. 

MOREHEAD  CITY,  N.  C.  Views  of,  for  Coast  Pilot  p.  26. 

MORRISON,  G.  A.  Drawing  Division,  Coast  and  Geodetic  Survey 
Office,  i>.  62  ;  in  Eugraviug  Division,  p.  63 ;  in  office  of  assistant  iu 
charge,  p.  64. 

MOSER,  J.  F.,  LIEUTENANT,  U.  S.  N.  Hydrography,  coast  of 
Maine,  pp.  11,  12;  of  South  Carolina,  p.  28. 

MOSMAN,  A.  T..  ASSISTANT.  Primary  triangulation  iu  Virginia 
and  West  Virginia,  pp.  25,  27  ;  services  in  Coast  and  Gooiletic  Sur¬ 
vey  <  tffice,  p.  .59. 

MOSQUITO  INLET,  FLA.  Hydrogmphy  near,  pp.  5,  29,  30. 

MOUND  PRAIRIE,  TEX.,  p.  44. 

MOUNT  BLUE,  ME.  Arc  of  meridian  extending  from  Nantucket 
Island  to,  p.  3. 

MOUNT  COFFIN,  OREG.  Survey  of  Columbia  River  near,  p.  5. 

MOUNT  DESERT  ISLAND.  Soundings  off,  pp.  4, 12. 

MOUNT  DESERT  ROCK.  Triangulation  near,  p.  11. 

MOUNT  DIABLO.  Primary  station,  pp.  5,  48. 

MOUNT  EQUINOX.  ObHcrvations  from  summit  of.  pp.  19,  20. 

MOUNT  HELENA.  Primary  station,  pp.  5,  48. 

MOUNT  HOREB,  N.  J.  Signal  station,  p.  21. 

MOUNT  MONADNOCK.  Heliotroi>e  station,  p.  19. 

MOUNT  OLIVE,  N.  J.  Signal  station,  p.  21. 

MOUNT  RAINIER,  ORE(i.,  p.  .52. 

MOUNT  ROSE.  Geo<letic  measurements  at,  p.  21. 

MOUNT  SHEPHERD.  Signal  station,  p.  51. 

MOUNT  TOM.  Triaiignlaiion  from,  p.  19. 

MOUNT  WASHINGTON,  N.  H.  Signal  i>oiut,  p.  20 :  primary 
triangles  adjusted,  p.  61. 

MURDOCK,  J.  B.,  MASTER.  U.  S.  N.  Services  In  Section  I,  i»- 
12 :  ill  Section  V,  p.  28. 

MURRELL’S  INLET,  S.  C.  Hydrography  near,  pp.  5,  28. 

MYRTLE  SOUND,  N.  C.,  p.  36. 

N. 

NAG  S  HEAD,  N.  C.  View  of,  ]».  26. 

NANTASKET.  Renewal  of  marks  at  station,  p.  15. 

NANTUCKET  ISLAND.  Reference  to  arc  of  meridian  from,  to 
Mount  Blue,  Me.,  p  3 ;  chart  from  Hatteras  to,  referred  to  in  esti¬ 
mates,  p.  7. 

NARRAGANSETT  BAY.  Reference  to  tides  in,  p.  14. 

NARRAGUAGUS  BAY.  Toi>ography  of,  referred  to  in  eHtiiuatcs, 

p.  6. 

NARROWS,  NEAR  PUGET  SOUND.  WASH.  TER.,  x).  52. 

NASHVILLE.  TENN.  Observations  for  latitude  and  longitude 
at,  pp.  .5,  41, 42,  54,  .55 ;  nioguetic  obKervatious  at,  pp.  5, 41, 42,  .56,  58. 

NASKEAC;  POINT  AND  NASKEAG  HARBOR,  p.  13. 

NAS.SAU.  Repairs  to  the  Palinurus  at,  p.  29. 
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NATCBffiZ.  Triangnlatioo  of  MisaiBaippi  River  near,  pp.  5,  41 ; 
baae-line  meaaured  at,  p.  40 ;  longitude  signals  at,  pp.  41,  42, 55. 

NATIONAL  ROAD,  MD.,  p.  24. 

NAVAL  OBSERVATORY  AT  WASHINGTON,  D.  C.,  pp.  21.  54. 

NAVY  DEPARTMENT.  Officers  detaUed  from,  for  duty  on  the 
Coast  and  Geodetic  Survey,  p.  1. 

NEBRASKA.  Magnetic  observations  in,  p.  5. 

NEWBURG,  N.  Y.,  p.  19. 

NEWBURY  NECK.  ME.,  p.  12. 

NEWBURYPORT  KBOR.  Chart  of.  referred  to  in  estiiiiatts 

p.8. 

NEW  ENGLAND.  Computation  and  prediction  of  tides  on  coast 
of,  by  Professor  Ferrel,  p.  4 ;  sea  cnrrenls  off  coast  of,  p.  15  :  d*  1<'r 
niinatiou  of  position  of  life-saving  stations  on  coast  of,  p.  26. 

NEW  HAMPSHIRE.  Deb'nnination  of  geotletic  points  in,  p.  4 
triangulatioii  in,  p.  14. 

NEW  HAVEN,  CONN.  Detailed  survey  of  approaclies  to.  p.  4 
topography  near,  pp.  16, 17. 

NEW  INLET.  N.  C.,  p.  26. 

NEW  JERSEY.  Geodetic  points  deU'rinined  in,  pp.  4, 21 ;  n survey 
of  coast  of,  referretl  to  in  estimates,  p.  6 ;  tidal  observations  off 
coast  of,  register  of  tide  gauge  at  Sandy  Hook  affected  by  storms 
on  coast  of,  p.  19:  abstract  of  horizontal-angles  survey  of,  1876-*77. 

p.  60. 

NEW  JERSEY  SOUTHERN  RAILROAD.  Tidal  station  atone 
of  the  wharves  of,  pp.  18, 19. 

NEW  LONDON.  Chart  of  Thames  River  and,  referred  to  in  esti¬ 
mates,  p.  8. 

NEWPORT.  LOS  ANGELES  COUNTY,  CAL.  Continuation  of 
coast  triangnlation  near,  referred  to  in  estimates,  p.  9. 

NEW  YORK  (State).  Latitude  and  longitude  observations  for 
Commissioner  of  Boundary-line  between  Pennsylvania  and,  p.  4; 
meeting  of  Boundary  Commissioners,  p.  20. 

NEW  YORK  BAY.  Revision  of  hydrography  of,  referred  to  in 
estimates,  p.  6. 

NEW  YORK  CITY.  Pendulum  observations  at,  pp.  4, 18 :  to  deter¬ 
mine  position  of  new  light-houses  between  Eastport,  Me.,  and, 
referred  to  in  estimates,  p.  6;  new  light-houses  and  life-saving  sta¬ 
tions  between,  and  Rio  Grande,  referred  to  in  estimates,  p.  7 ;  chart 
of  Hudson  River  from  Troy  to,  referred  to  in  estimates,  p.  8 ;  mat¬ 
ing  of  Commissioners  on  Pennsylvania  and  New  York  boitudnry- 
line  at,  p.  20 ;  the  Endeavor  refitted  at,  p.  28. 

NEW  YORK  HARBOR.  Sar%*eys  in,  and  vicinity,  referred  to  in 
estimates,  p.  6 ;  tidal  observations  at  Governor's  Island,  p.  18  :  Hud 
son  River  line  of  levels  with  reference  to,  p.  19. 

NICHOLS.  SMITH  W.,  COMMANDER,  U.  S.  N.  Light-House  In¬ 
spector  at  Key  West.,  assistance  rendered  the  Blake,  pp.  35;  36. 

NISQUALLY  RIVER,  WASH.  TER.,  p.  52;  computation  of  tri- 
angulation  near,  p.  60. 

NISSEN,  H.  Miscellaneous  Division,  Coast  and  Geodetic  Survey 
Office,  p.  64. 

NORFOLK.  Resnrvey  of  harbor  of,  p.  2 ;  topographical  survey  east 
of,  pp.  4, 23 ;  the  Drift  laid  up  at,  p.  16. 

NORTH  AMERICA.  Magnetic  declination  observations  in  interior 
of,  p.  68. 

NORTH  CAROLINA.  Triangulation  in,  pp.  26,  27, 43  ;  computa¬ 
tion  of  triangles  in,  p.  60. 

NORTHERN  ALABAMA.  Triangulation  in,  pp.  5,  42, 43 ;  platform 
for  a  theodolite  on  Wilson’s  Monntain,  p.  43. 

NORTHERN  MISSISSIPPI.  Triangulation  stations  in,  p.  5. 

NORTHERN  PACIFIC  RAILROAD.  Chart  of  Commencement 
Bay  fbmished  superintendent  of,  p.  51 ;  reconnaissance  near  ter 
minus  of,  p.  53. 

NORTH  HAVEN,  ME.  Tidal  observations,  pp.  4, 13, 14. 

NORWICH,  CONN.  Chart  of  Thames  River  and,  referred  to  in 
estimates,  p.  8. 

NOURSE,  C.  J.,  ASSISTANT  SURGEON,  U.  S.  N.  Services  in 
Section  VIII,  p.  39. 

NOYO  RIVER.  Reconnaissance  near,  p.  48. 

O. 

OAK  POINT,  COLUMBIA  RIVER,  OREG.  Tidal  observations 
at,  p.  50. 

OBITUARY  OF  JOHN  T.  HOOVER,  LATE  OF  COAST  AND 
GEODETIC  SURVEY  OFFICE,  p.  10. 


GBLigUE  ARC  OF  THE  PRIMARY  TRIANGUI*ATION  EX- 
TENDING  FROM  CALAIS,  ME..  TO  ATLANTA,  GA.  Ref- 
erence.  to,  p.  3. 

OBSERVATIONS  MADE  AT  SUMMIT  STATION,  CENTRAL 
PAtHFIC  RAILROAD,  OF  THE  TRANSIT  OF  MERCURY. 

.  MAY,  1878.  Re|M>rt  by  B.  A.  Coloiina,  Assistant,  Appendix  No.  6, 
pp.  81-87. 

OBSERVATIONS  OF  THE  TRANSIT  OF  MERCURY.  MAY  6. 
MADE  AT  WASHINGTON,  D.  C.  Rt  v»ort  by  Charles  A.  Schott 
Assistsiit,  .\]ipendix  No.  7,  pp.  88-91 . 

OBSERVATIONS  ON  TIDAL  CURRENTS  OF  THE  SEA,  pp. 
15, 16 :  relative  to,  p.  4  :  reference  to.  in  estimates,  p.  6. 

OBSERVATIONS  ON  VARIATIONS  OF  THE  COMPASS, p.  58. 

OBSERVATORY  AT  MADISON.  WTS.  Magnetic  observations 
at,  p.  3  :  relative  to  building  and  apparatus  of,  p.  64. 

OBSERVATCiRY.  NAVAL.  WASHINGTON,  D.  C.  Telegraphic 
sigu'ils  exchangeii  l»etween  Harrisburg  and,  p.  21 :  exchange  of 
time-signals  with,  fiom  Siimhdt  Station,  p.  49,  also  Appendix  No. 
7,  pp.  88-91 :  exchange  of  observations  between  Nashville  station 
and,  p.  54. 

OCKLOC’KONY.  Survey  of  Crooked  River,  Fla.,  to  junction  with 
the.  p.  33. 

OCRACOKE  INLET.  Arc  of  meridian  from,  to  head  of  Chesa¬ 
peake  Bay,  Md.,  p.  3 ;  views  of,  p.  26. 

OFFK’E  WORK.  Enumeration  of,  pp.  4-6 ;  referred  to  in  estimates 
for  the  Atlantic  and  Gulf  coasts,  pp.  7,  8 ;  for  expenses  of,  Pacific 
Coast,  p.  9. 

OFFICE  WORK  OF  THE  UNITED  STATES  COAST  AND 
GEODETIC  SURVEY  TO  THE  CLOSE  OF  THE  YEAR  1877. 
Statistics  of  field  and.  Appendix  No.  2,  pp.  73,  74. 

OGDEN.  H.  G..  ASSISTANT.  Survey  of  Saint  John's  River,  Fla., 
in  1877,  pp.  30,  31 ;  luise-lines  near  Mississippi  River,  p.  40 ;  recon¬ 
naissance,  coast  of  Texas,  pp.  43, 44. 

OGDEN.  Station  near  Salt  I.4ike,  p.  45. 

OHIO.  Selection  of  gt*ographical  positions  in,  pp.  5.  54;  geodetic 
operations  in,  p.  56. 

OHIO  RIVER.  Selei'tion  of  triangnlation  stations  between  Cumber¬ 
land  Gap  and,  pp.  5,  .56;  primary  triangulation  within  forty  miles 
of,  p.  25;  stations  for  a  chain  of  quadrilatemls  extending  to,  p.  57. 

OLYMPIA,  WASH.  TER.,  pp.  50,  51. 

OMAHA.  NEBR.  Magnetic  elements  determined,  p.  58. 

ON  A  PHYSICAL  SURVEY  OF  THE  DELAWARE  RIVER  IN 
FRONT  OF  PHILADELPHIA.  Reiwrt  by  Henry  Mitchell,  as¬ 
sistant.  Appendix  No.  9,  pp.  121-173. 

OREGON.  Soundings  ofl  of  coast  of,  referred  to  in  eatimates,  p.  8; 
also  for  Coast  Pilot  of,  p.  9;  compilation  of  Coast  Pilot  of,  p.  48. 

ORTON,  HON.  WILLIAM,  LATE  PRESIDENT  WESTERN 
UNION  TELEGRAPH  COMPANY,  p.  38. 

OVER.  FRANK.  Electrotype  and  Photographing  Division,  Coast 
and  Geodetic  Survey  Office,  p.  63. 


PACIFIC  COAST.  Progress  of  work  on,  pp.  1,  6;  continuation  of 
I  triangulation  connecting  the  Atlantic  Coast  and,  pp.  3,  5 ;  refer¬ 
ence  to,  in  estimates,  pp.  7,  9 ;  field  and  office  work  on,  and  tidal 
*  observations,  referred  to  in  estimates,  pp.  8,  9 ;  tide  tables  for,  pp. 

I  47,  48,  61 ;  coal  mined  near  Commencement  Bay,  the  best  on  the, 

p.  52 :  tidal  observations  at  Sandwich  Islands  for  comparison  with 
those  of,  p.  .54. 

,  PACIFIC  COAST  OF  THE  UNITED  STATES  DURING  THE 
I  SURVEYING  SEASON  OF  1877-'78.  Distribution  of  surveying 
parties  upon  the  Atlantic,  Gulf,  and.  Appendix  No.  1,  pp.  67-72. 

PACIFIC  RAILROAD.  Observations  made  of  the  transit  of  Mcr- 
i  enry,  May,  1878,  at  Summit  Station,  Central  Pacific  Railroail ;  re¬ 
port  by  B.  A.  C'olonna,  assistant.  Appendix  No.  6,  pp.  81-87. 
j  PADUCAH,  KY.  Latitude  and  longitude  observations  at,  pp.  5,  54. 

PAGE,  PROFESSOR  W.  B.  Geodetic  survey  in  Kentucky,  p.  56. 

I  PALINURUS.  Use  of,  in  Section  III,  pp.  23,  24 ;  in  Section  TV,  pp. 
25, 26 ;  in  Section  VI,  pp.  28, 29. 

PAMPLTCO  SOUND.  Completiou  of  hydiograpby  of,  referred  to 
in  estimates,  p.  7. 

PARIS,  FRANCE.  Reference  to  the  International  Exposition  at, 
I  p.48. 

j  PARKER,  W.  H.,  LIEUTENANT,  U.  S.  N.  Assistant  to  hydro- 
graphic  lu8)>ector  of  Coast  and  Geodetic  Survey,  pp.  11, 69. 
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PARKINSON.  Trian^ulfttion  Htation  in  Southern  Illinoitt,  p.  57.  | 

PARSONS,  F.  H.,  AID.  Sorvicen  in  Se<  tion  X,  pp.  54,  55.  and  in  | 
office  of  aHaistant  in  char^r,  p.  64.  .  i 

PARTRIDGE  COVE.  Topogi-aphy  of  Skilling  River  near,  p.  12.  j 
PASSAMAQUODDY  BAY.  Continuation  of  survey  of,  I’efen-©*!  to  , 
in  estimates,  p.  0 ;  harbor  chart  of,  p.  7.  ^  I 

PATRICIO  POINT,  FLA  ,  p.30.  *  | 

PATTERSON,  C.  P.,  SUPERINTENDP:NT  OF  UNITED  STATES  i 
COAST  AND  GEODETIC  SURVEY.  Report  of  1877-  78,  sub-  I 
niitted  to  the  Hon.  John  Sherman,  Secretary  of  the  Treasury,  pp.  | 
1-84.  j 

PEACH  TREE  RIDGE  BASE  LINE.  The  Kent  Nlaiid  and.  ref-  I 
erence  to,  in  Appendix  No.  8.  p.  92.  | 

PEASE  CREEK,  FLA.,  p.  32.  | 

PECAN  ISLAND,  COAST  OF  TEXAS,  p.44.  j 

PEEKSKILL,  N.  Y.  Topogniphy  of  Hudson  River  near,  p.  4 ;  ref-  j 
erence  to,  in  estimates,  p.  6;  continuation  of  survey  of  Hudson  | 
River  above,  p.  19.  ! 

PEIRCE,  C,  S.,  ASSISTANT.  Pendulum  expenments  in  New  York  j 
City  by,  p.  18. 

PEMAQITID  POINT,  ME.  Ledge  dev< loped  near,  p.  12.  i 

PENDULUM  EXPERIMENTS  IN  NEW  YORK  CITY  BY  PRO-  j 
FESSOR  C.  S.  PEIRCE,  pp.  4,  la  ' 

PENNSYLVANIA.  Latitude  and  longitude  observations  ,for  com-  I 
inissionera  on  boundary  line  between  New  York  and,  pp.  4,  20,  21;  j 
progress  of  triangulation  in  easteni  part  of,  p.  21 ;  reference  to 
Governor  of,  p.  21.  i 

PENOBSCOT  BAY,  ME.  Tidal  observations  at  Pulpit  Harbor,  | 
North  Haven,  pp.  4,  13 ;  reference  in  estimates  to  completion  of  j 
topography  of,  and  chart  of,  pp.  6,  7 ;  discussion  of  tides  in,  by  ' 
William  Fefrel,  assistant,  Appendix  No.  11,  pp.  268-304.  | 

PENSACOLA,  FLA.  Continuation  of  astronomical  and  magnetic  i 
observations  near,  reference  t<»,  in  estimates,  p.  7.  ' 

PERKINS,  ¥.  W,,  ASSISTANT.  Survey  of  Saint  John  s  River,  ! 
Fla.,  pp.  30,  31 ;  triangulation  of  the  Mississippi  River  above  Don¬ 
aldson  ville,  pp.  40, 41.  ' 

PERSONAL  EQUATION  APPARATUS,  pp.  54. 64. 

PETERS,  G.  H.,  ENSIG N,  U.  S.  N.  Serv  ices  in  Section  VIII,  p.  39.  j 
PETERSEN,  A.  Engraving  Division,  Coast  and  Geodetic  Survey 
Office,  p.  63.  ' 

PETERSON,  W.  Machinist  of  Steamer  Blake,  p.  36. 

PETIT  MAN  AN  ISLAND.  Continuation  of  soundings  near,  and  ' 
chart  of,  referred  to  in  (>Htiiuates,  p.  6. 

PETIT  MANAN  LIGHT-HOUSE.  Chart  of  coast  of  Maine  near. 

referred  to  in  estimates,  p.  7. 

PETTY’S  ISLAND,  DELAWARE  RIVER,  p.22. 

PHILADELPHIA,  PA.  Resnrvey  of  harbor  of,  pp.  2, 21 . 22 ;  special 
observations  of  tides  and  currents  in  Delaware  River  near,  pp.  4,  | 

22;  geodetic  survey  north  of,  p.  21;  on  a  physical  survey  of  the  i 
Delaware  River  in  front  of,  report  by  Henry  Mitchell,  assistant. 
Appendix  No.  9,  pp.  121-173. 

PHILADELPHIA  STEAMBOAT  COMPANY  S  WHARF, 
GEORGETOWN,  D.  C.  Reference  to,  p.  24.  i 

PHOTOGRAPHING  DIVISION  (AND  ELECTROTYPE),  Coast  | 
and  Geodetic  Survey  Office,  p.  63.  i 

PHOTOLITHOGRAPHY.  Publication  of  charls  by,  p.  62. 

PHYSICAL  SURVEY  OF  THE  DELAWARE  RIVER  IN  FRONT  ^ 
OF  PHILADELPHIA.  Report  by  Henry  Mitchell,  assistant,  | 
Appendix  No.  9,  pp.  121-173. 

PICKLES  STATION,  N.  J.,  p.  21.  | 

PILBROCK,  EDWARD  S.  Engineer  in  charge  of  fliling  part  of  I 
South  Boston  Flats,  p.  14.  | 

PILLAR  POINT,  p.  51. 

PINE  ISLAND.  Anchorage  near,  p.  32.  | 

PINE  ISLAND  SHOAL, CHARLOTTE  HARBOR,  FLA.,  p.  32.  I 
PINE  LOG,  GA.  Adjnstmeut  of  primary  tiiangulatiun  near,  p.  61.  j 
PISTOR  &  MARTINS,  OF  BERLIN.  Coast  Survey  transit  in-  i 
strument,  used  in  observations  of  transit  of  Mercury,  made  by ;  see  I 
Appendix  No.  7,  p.  89.  , 

PLATES  COMPLETED,  CONTINUED,  OR  BEGUN  DURING  i 
THE  FISCAL  YEAR  ENDING  WITH  JUNE,  1878.  Engraving  I 
Divisidn,  Appendix  No.  5,  p.  8U.  1 

PLATT,  ROBERT,  MASTER,  U.  S.  N.  Observations  on  sea-cur-  | 
rents  of  New  England  coast,  pp.  15,  16. 

PLYMOUTH,  MASS.  Position  of  light-bouse  determined,  p.  15.  j 
POINT  ARENAS.  Selection  of  stations  along  coast  near,  pp.  5,  | 

48;  engraving  of  ediart  of.  reference  to;  in  estimate.s,  p.  9.  j 


POINT  ARGUELLO,  CAL.  Topography  of  coast  near,  pp.  5,  46, 
47 ;  reference  to,  in  estimates,  p.  9.  • 

POINT  AU  FER.  Completion  of  chart  of  coast  near,  reference  to, 
in  estimates,  p.  8. 

POINT  BUCHON.  Continuation  of  triangulation  near,  referi-ed  to 
in  estimate-s.  p.  9. 

POINT  CONCEPCION,  CAL.  Soundings  in  approaches  to,  pp.  5, 
46 ;  reference  to,  in  estimates,  p.  8 ;  chart  of,  p.  9. 

POINT  ORFORD.  Completion  of  hydrography  near,  referred  to  in 
estimates,  p.  9. 

POINT  PADERNALES.  CAL.,  p.47. 

POINT  PARTRIDGE.  Reconnaissance  near,  pp.  50,  51. 

POINT  SAL.  Topography  of  coast  near,  p.  5;  referre<l  to  in  esti¬ 
mates,  p.  9;  survey  south  of,  p.  47. 

POINT  SUR,  CAL.  Topography  south  of,  pp.  5,  47. 

POLARIS.  Observations  on,  p.  2!. 

POORE’S  MOUNT.4IN,  N.  C.  Triangiilalion  stntion,  p.  21. 

PORTAGE,  WASH.  TER.  Inspection  near,  p.  53. 

l*ORT£R,  J.  W.  Disbursing  agent  of  United  States  Coast  and 
Geodetic  Survey  Office,  p.  64. 

PORTLAND,  OREG.,  pp.  49,  60,  53. 

PORTSMOUTH  HARBOR.  Continuation  of  survey  of,  reference 
to,  in  eatimates,  p.  6. 

PORT  SUSAN,  p.  53. 

PORT  TOWNSHEND.  Tidal  observations  at,  referred  to  in  esti¬ 
mates,  p.  8. 

PORT  WARDEN  LINE.  Reference  to,  in  Assistant  Mitchell’s 
report  on  survey  of  Delaware  River ;  see  Appendix  No,  9,  pp.  124, 
126,  127. 

POSITIONS  OF  LIFE-SAVING  STATIONS.  Nos.  36  to  40  de¬ 
termined,  p.  23. 

POSSESSION  SOUND  (CALLED,  ALSO,  THE  LOWER  SOUND). 
S«?ttler8  on  the  shores  of,  p.  52 ;  inspection  of  work  near,  p.  53. 

POTOMAC  RIVER.  Bench-marks  along,  near  Washington,  D.  C., 
p.  4;  continaation  of  plane-table  survey  of,  referred  to  in  estimates, 
p.  6;  freshet  of  November,  1877,  p.  24  ;  primary  triangulation  sta¬ 
tion  on,  p.  25. 

POWDERHORN  HILL.  Triangulation  station,  p.  14. 

PRAIRIE  DU  CHIEN,  WIS.,  p.  57. 

PRAT!’,  J.  F.,  AID.  Services  in  Section  X,  pp.  48,  49,  51. 

PRIME,  E.  S.,  LIEUTENANT,  U.  S.  N.  Services  in  Section  X, 
p.  46. 

PRIMARY  TRI ANGULATIONS.  In  connection  with  geodetic 
stations  in  New  Hampshire,  Vermont,  and  Massachnsetts,  p.  4 ;  on 
Bine  Ridge,  Va.,  bet  ween  Kent  Island  base-line  and  that  near  At¬ 
lanta,  Ga.,  pp.  5,  25,  43;  along  Pacific  coa«L  referred  to  in  esti¬ 
mates,  pp.  5,  9 ;  lietween  the  Hudson  and  work  on  the  const,  pp. 
19,20;  between  the  Kent  Island  and  Atlanta  base-lines;  adjust¬ 
ment  of  the;  report  by  Charles  A.  Schott,  assistant;  Appendix 
No.  8,  pp.  92-119. 

PRINCIPIO  STATION,  NEAR  HEAD  OF  CHESAPEAKE  BAY, 

p.  21. 

PROSPECT-  Triangulation  station  in  New  HampMiire,  p.  14. 

PROVIDENCE,  R.  I.  Tidal  observations  at,  pp.  4,  14. 

PROVIDENCE  CHANNEL,  THROUGH  THE  BAHAM.V 
ISLANDS,  p.  29. 

PROVINCETOWN,  MASS.,  p.  14. 

PRUSSIAN  GEODETIC  AL  INSTITUTE.  Compari.son  of  length 
of  onr  pendnlum  standard  with  that  of  the,  p.  18. 

PUGET  SOUND,  WASH.  TER.  Survey  of  shores  of.  p.  5;  re¬ 
ferred  to  in  estimates,  pp.  8,  9 ;  engraving  of  chart  of,  referred  to 
in  estimates,  p.  9 ;  triangulation  and  topography  of,  p.  52 ;  inspec¬ 
tion  of  work  on  shores  of,  p.  53. 

PULPIT  COVE,  NORTH  HAVEN,  ME.  Tidal  observations  at, 
p.  4;  discussion  of,  by  William  Ferrel:  see  Appendix  No.  10, 
pp.  268-304. 

PUYALLUP  RIVER,  WASH.  TER.,  p.  52. 

Q. 

QU.V  RTELLES.  Hydrography  of  Barataria  Bay,  near  the,  p.  39. 

QUICK  (schooner).  Use  of,  in  Sections  VI,  VII,  p.  33. 

QUIMBY,  PROFESSOR  E.  T.,  OF  DARTMOUTH  COLLEGE. 

‘  Triangulation  in  New  Hampshire,  p.  14. 

QUODDY  BLEAD.  Engraving  of  chart  of  coast  from,  toCapeCodi 
referred  to  in  estimates,  p.  7. 
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RACCOON  COVE,  ME.,  p.  12.  ! 

RACEY’S  POINT.  Survey  of  Saint  John’H  River,  Fla.,  a«  far  a», 
p.  30. 

RAHSSKOPFF,  CARL,  INSTRUMENT-MAKER,  SAN  FRAN¬ 
CISCO,  CAL.  Reference  to,  Appendix  No.  6,  p.  81. 

RAINBOW  MOUNTAIN,  p.  49.  | 

RAINIER,  COLUMBIA  RIVER.  OREG.  Tidal  observations  at, 

p.  60. 

RATTLESNAKE.  Triangulation  station  in  New  Hampshire,  p.  14. 

READY  (schooner).  Use  of,  in  Section  VIII,  p.  39. 

RECONNAISSANCE.  In  Eastetn  Pennsylvania,  p.  21:  near 
Hagerstown,  Md.,  p.  24;  near  Mississippi  River,  p.  41;  coast  of 
Texas,  pp.  43, 44  ;  in  California,  pp.  48,  49 ;  in  W asliington  Territory, 
pp.  50,  51 :  for  base-lines,  p.  51 ;  in  Southern  Illinois,  p.  57. 

RED  POINT.  Hydrography  near  Catalina  Island,  Cal.,  p.  40. 

REEF  OFF  COAST  OF  CUBA.  Steamer  Blake  stranded  on,  pp. 

3, 34-37. 

REPAIRS  AND  MAINTENANCE  OF  VESSELS  USED  IN 
COAST  SURVEY,  referi-ed  to  in  e.stimates.  p.  9. 

REPORT  OF  1876.  Reference  to.  in  Appendix  No.  0,  p.  125. 

RESEARCH  (schooner).  Use  of,  in  Section  VIII.  p.  40. 

RICHMOND,  VA.  Chart  of  James  Riveras  far  as.  rtJerred  to  in 
estimates,  p.  8. 

RIDGE  COUNTRY.  TEX.,  p.44. 

RIO  GRANDE.  Hydrography  between  (.'orpus  Christi  and  ;  obser¬ 
vations,  astronomical  and  magnetic,  between  S^ibine  Pass  and ;  de¬ 
termination  of  positions  of  lijiht-houws  and  life-saving  stations 
along  coiist  between  New  York  and,  all  referred  to  in  estimates, 
p.  7;  general  coast  chart  from  Galveston  to,  referred  to  in  esti¬ 
mates,  p.  8, 

RIPLEY,  MISS.,  p.43. 

ROBINSON’S  POINT,  ADMIRALTY  INLET,  WASH.  TER.,  p.  51. 

RtX^KAWA  Y.  Computation  of  triangulation  of  Long  Island  near, 

p.  60.  ' 

ROCK  A  WA  Y  BEACH.  Resurvey  of,  p.  17. 

ROC  K  A  WAY  INLET.  Hydrography  of.  p.  4  ;  completion  of  charts 
of,  referred  to  in  estimates,  p  8 ;  survey  of,  and  vicinity,  p.  17 ; 
publication  of  chart  of,  by  photolithography,  p.  59, 

ROCKLAND,  ME.,  p.  11. 

ROCKS  AND  DANGERS  DEVELOPED,  pp.12.30. 

ROCKWELL,  CLEVELAND,  ASSISTANT.  Reconnaissance  in 
Section  X,  pp.  48, 49. 

ROCKY  MOUNTAINS.  Geodetic  triangulation  west waid  from  the 
eastern  base  of  the,  by  Assistant  Tittiuauu,  )».  59. 

RODGERS.  A.  F.,  ASSISTANT.  Topography  south  of  Point  Sur, 
Cal.,  p.  47;  in  charge  of  suboffice  in  San  Fi'aiiciscu,  in  absence  of 
Assistant  Davidson,  p.  48;  inspection  of  work  on  shores  ot  Puget 
Sound,  Wash.  Ter.,  p.  53. 

ROWE’S  MOUNTAIN.  Triangulation  near.  p.  43. 

RUMPF,  GOTTLIEB.  Computing  Divksiou,  Coast  ami  Cicodctic 
Survey  Office,  p.  60. 

RUSSELL,  CHARLES  A.  Re.rorder  of  observations  in  survey  of 
the  Delaware  River  in  front  of  Philadel]»hia,  reference  to.  Appen¬ 
dix  No.  9,  p.  121, 

RUSSIAN  RIVER,  CAL.  Continuation  of  reconnaissance  from,  i 
north wanls,  referred  to  in  estimates,  p.  8. 

N. 

SABINE  CITY,  TEX., p.44.  | 

SABINE  PASS.  Hydrography  of  coast  near,  pp.  7, 44;  referred  to 
in  estimaU's,  p.  7. 

SACRAMENTO.  Triangulation  through  the  valley  of,  referred  to  | 
in  estimates,  p.  9.  i 

SAEGMCLLER,  G.  N.  Miscellaneous  Division,  Coast  and  Geodetic  j 
Survey  Office,  pp.  63, 61 ;  reference  to  sundry  impi*ovemt‘ut8  in  sci¬ 
entific  instruments  by,  p.  64. 

SAGADAHtX)  (steam-launch).  Use  of,  in  Section  I,  p.  13. 

S.VINT  ANDREW’S  BAY.  Chart  of,  referred  to  in  estimates,  p.  8. 

SAINT  AUGUSTINE,  FLA.,  p.28. 

SAINT  CROIX  RIVER,  ME.  Reference  to,  in  estimaU-s,  p.  6; 
chart  of  coast  near,  p.  7 . 

SAINT  GEORGE’S  REEF,  CAL.  Reference  to,  in  estimates,  p.  9. 

SAINT  GEORGE’S  SOUND,  FLA.  Hydrography  of,  i»p.  5,  33: 
chait  of,  referred  to  in  estimates,  p.  8. 


SAINT  HELEN’S.  Tidal  observations  at,*p.  50. 

SAINT  JAMES'S  ISLAND,  FLA.,  p.  33. 

SAINT  JOHN'S  RIVER,  FLA.  Survey  and  hydrography  of,  pp. 
5,  30,  31,  40  ;  n'ference  to  in  estimates,  p.  7 :  chart  of,  p.  59;  reference 
to,  in  estimatea,  p.  8. 

SAINT  MARK’S  RIVER  Completion  of  chart  of,  referred  to  in 
estimates,  p.  8. 

SAINT  MARY’S  RIVER,  FLA.  Reference  to,  in  estimates,  p.  8. 

SALI NOMETERS.  Devised  by  AssistanfcJ.  E.  Hilgard.  Use  of, 
p.  23;  see,  also,  Appendix  No.  14,  of  Report  of  1877,  pp.  187,  188. 

SALTER,  T.  G.  C.,  MASTER,  U.  S.  N.  Services  in  Section  VI, 
p.  30. 

SAN  CLEMENTK  ISLAND.  OFF  COAST  OF  CALIFORNIA. 
Geographical  positions  determined  on,  p.  5;  signal  erected  on  sum¬ 
mit  of,  p.  45. 

SAN  DIEGO,  CAL.  Hydrography  of  bar  and  harbor  of,  pp.  5,  45; 
referred  to  in  estimates,  pp.  8.  9;  continuation  of  chart  of,  n>ferre<l 
to  in  estimates,  p.  9. 

SAN  DIEGO  RIVER,  p.  4.5. 

SAND  KEY.  FLA.  Dredging  near.  pp.  34,  38. 

SAND  KEY  LIGHT  HOUSE.  Soundings  near.  p.  38. 

SANDWICH  ISLANDS.  Tidal  ob-servations  at,  pp.  54.  60;  refer¬ 
ence  to  self- regulating  tide-gauge  loaned  by'  the  Coast  Survey  to 
the  Government  of,  p.  61. 

SxXNDY  HOOK.  Tidal  observations  at,  pp.  4.  18.  19;  chart  of  coast 
from  Cape  Sable  to.  refeiTe<l  to  in  estimates,  p.  7, 

SANEL  MOUNTAIN,  p.  48. 

SAN  FRANCISCO,  CAL.  Tidal  observations  at.  pp.  47,  48;  re- 
fened  to  in  estimates,  p.  8;  longitude  observations  at.  p.  49. 

SAN  FRANCISCO  BAY.  Tidal  observations  at  Saucelito  in,  p.  5; 
revision  of  bydrograpby  of,  refentMl  to  in  estiimiU's,  pp.  6,  9. 

SAN  JOAQUIN.  CAL.  Triangulation  through  valley  of,  referrtMl 
to  in  estimates,  p.  9. 

SAN  MIGUEL  ISLAND,  SANTA  BARBARA  CHANNEL,  p.  46. 

SAN  PEDRO,  CAL.  Reference  to,  in  estimates,  p.  8;  signals 
erected  at,  p.  45. 

SAN  SIMEON,  CAL.  Triangulation  and  topography  near,  referred 
to  in  estimates,  j).  9. 

SANTA  BARBARA,  CAL.  Town  of.  p.  47. 

SANT.V  B.\RB.\RA  CHANNEL.  CAL.  Triangulation  across  the, 
p.  45;  hydi-ography  of.  pp.  45.  46:  adjustment  (J  quadrilaterals  of 
survey  of.  p.  61. 

SANTA  BARBARA  ISLANDS.  Geographical  positions  deter¬ 
mined  on.  pp.  5,  45;  computation  of  triangiilatiuns  of  1871,  p.  60: 
computation  of  positions  of  primary  stations  about  the.  p.  61. 

S.\NTA  CRUZ,  Soundings  near,  p.  5. 

SANTA  MONICA.  CAL.  Coast  chnrt,  reference  to  in  estimates, 
p.  9;  computation  of  triangulations  of  1875,  p.  60. 

SANT.V  ROS.V  ISL.VND.  Soundings  near,  pp.  5,  46;  engraving  of 
chart  of.  referred  to  in  estimates,  p.  8. 

SARASOTA  B.\Y,  FLA.  Triangulation  of,  pp.  5.  33. 

SAUCELITO.  Tidal  observations  at,  San  Francisco  Bay,  pp.  5,  47, 48. 

SAUNDERS  I'OINT.  N.  C..  p.  20. 

SAVANNAH,  GA.  Tide-gango  for  use  of  engineer  officers  of  the 
Army  forwarded  to,  p.  28. 

SAVANNAH  RIVER,  p.  28. 

SAVILLE  (United  StaU'slU'venue  Sloop).  Use  of,  in  Section  TV,  p.26. 

SC  ARGO,  MASS.,  p.  14. 

SCHOODIC  POINT.  ME  .  p.  11. 

SCHOTT.  CHARLES  A.,  ASSISTANT.  In  charge  of  Computing 
Division,  Cojist  and  Geodetic  Survey  Office,  p.  60 ;  annual  magnetic 
observations  on  Capitol  Hill,  Washington.  D.  C.,  pp.  3,  24;  in 
charge  of  the  office  in  absence  of  Assistant  Hilgard  in  Europe,  pp. 
58.  60 ;  relative  to  building  and  apparatu.s  of  the  Magnetic  Observa- 
tory  at  Madison,  Wis.,  p.  64;  observations  of  the  transit  of  Mer¬ 
cury,  May  6,  made  at  Washington.  D.  C..  leport  by.  Appendix 
No.  7,  pp  88-91;  a(l.ju8tment  of  the  primary  triangulation  between 
the  Kent  Island  and  Athmta  base-lines,  report  by.  Appendix 
No.  8,  pp.  92-119. 

SEA  CURRENTS  IN  GULF  OF  MAINE,  p.  4;  of  coast  of  New 
England,  pp.  15,  16. 

SEA  GROVE.  N.  J.,  p.  23. 

SEATTLE,  pp.  52,  53. 

SEBREE,  L^RIEL,  LIEUTENANT.  U.  S.  N.  Servioea  in  Section 
VI,  p.  30. 
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SECTIONS  OF  WORff  AS  ARRANGED  IN  REPORT.  Section  ! 
I,  pp.  11-15;  Section  II,  pp.  16-23;  Section  III,  pp.  23-25;  Section  I 
IV,  pp.  26,  27;  Section  V,  p.  2S;  Section  VI,  pp.  28-33;  Section  i 
VII,  p.  33;  Section  VIII,  pp.  34-43;  Section  IX,  pp.  43-45;  Section  | 
X,  pp.  45-46;  Section  XI,  pp.  60-53;  Section  XII,  pp.  6,3,  54;  Sec-  j 
tion  XIII,  pp.  54-56;  Section  XIV,  pp.  56,  57;  Section  XV,  p.  58.  ' 

SENGTELLER,  A.  En^^raving  Division,  Coast  and  Geo<letic  Siir-  ' 
rey  Office,  p.  63. 

SENGTELLER,  L.  A.  ,  In  charge  of  Engraving  Division,  Coast  and  j 
Geodetic  Survey  Office,  p.  63.  1 

SHARRER,  W.  O.,  LIEUTENANT,  U.  S.  N.  Services  rendered  I 
during  stranding  of  the  Blake,  p.  36;  services  in  Section  VlII..pp.  i 
36, 39.  * 

SHEEPSHEAD  BAY,  L.  I.  Survey  of  shores  of.  pp.  4.  17.  18.  j 

SHELL  CREEK,  FLA.,  p.  32. 

SHELTER  COVE,  CAL.,  p.  49.  | 

SHERMAN,  HON.  JOHN,  SECRETARY  OF  THE  TREASURY.  | 
Report  of  the  Coast  and  Geodetic  Survey  addressed  to,  p.  64.  | 

SHERRINGHAM  POINT,  p.  51. 

SHIDY,  L.  P.  Tidal  Dirision,  Coast  and  Geodetic  Survey  Office*  I 

p.  62.  ' 

SHO.\LS  DEVELOPED.  In  Jericho  Bay,  Me.,  p.  13;  off  coast  of  [ 
Florida,  p.  30. 

SHOAL  WATER  BAY.  Referred  to  in  estimates,  p.  9.  1 

SHOOTFLYING,  MASS.,  p.  14.  | 

SIBLEY,  IOWA.  Magnetic  elements  determined  at,  pp.  5,  58.  i 

SIERRA  CANON  NEAR  POINT  SUR,  CAL.,  p.  47.  I 

SIGSBEE,  C.  D.,  LIEUTENANT  COMMANDER,  U.  S.  N.  Deep-  i 
sea  sounding  in  Gulf  of  Mexico,  pp.  3,  34;  stranding  of  Blake  off  i 
coast  of  Cuba,  pp.  34-38.  I 

SIGSBEE,  L.*  P.,  AID.  Services  in  Section  VIII,  p.  39.  | 

SILLIMAN  (SCHOONER).  Use  of  in  Section  I,  p.  13;  in  Section  ; 

VI,  pp.  32,  33;  in  Section  VII,  p.  33. 

SINCLAIR,  C.  H..  AID.  Services  in  Section  II,  p.  20;  measure.  , 
ment  of  base  lines  near  Mississippi  River,  p.  40;  services  in  Section  i 
IX,  p.  44.  ' 

SINGLETON  SWASB,  S.  C.,  p.  28.  ; 

SIPE,  E.  H.  Engraving  Division,  Coast  and  Geodetic  Surv'ey  Office,  | 
p.  63. 

SKAGIT  RIVER,  WASH.  TER.  Settlers  arriving  in  the  fertile  \ 
regions  about,  p.  52 ;  examination  of  course  of  the,  p.  53.  I 

SKILLING  RIVER,  ME.  Topography  of,  p.  12. 

SLIP  POINT,  W.  T.,  p.  51.  j 

SMITH,  EDWIN,  SUBASSIST  A  NT.  Pennsylvania  and  New  York 
boundary  line,  p.  20;  latitude  and  longitude  of  Harrisburg,  p.  21 ;  , 

lines  of  level,  p.  24;  azimuth  station  near  Vicksburg,  Miss.,  p.  40 ;  i 
latitude  and  longitude  observations  aloug  the  Mississippi  River,  I 
■pp.  41,  42;  geographical  positions  determined  on  the  Mississippi,  | 
p.  55;  computation  of  magnetic  observations,  p.  61.  i 

SMITH  S  ISLAND,  p.  26.  i 

SMITH  S  MOUNTAIN,  VA.,  p.  25.  j 

SMOOT,  JOHN  H.  Engraving  Division,  Coast  and  GcHxletic  Sur-  j 
vey  Office,  p.  63.  I 

SNOW’S  MARSHES,  N.  C.,  p.  26.  | 

SOMBRIO  RIDGE,  W.  T.,  p.  51.  , 

SOMES  SOUND,  ME.  Charts  of  lYenchman's  Bay  and,  referred  to  j 
in  estimates,  p.  8.  I 

SOMMER,  E.  J.  Drawing  Division,  Coast  and  Geodetic  Survey  ! 
Office,  p.  62. 

SOUTH  ADAMS,  MASS.,  p.  19.  I 

SOUTH  BOSTON,  MASS.  Triangulatiun  of  upper  harbor,  p.  14.  i 
SOUTH  CAROLINA.  Hydrography  of  coast  of,  pp.  5,  28;  referred  ! 
to  in  estimates,  p.  7 ;  computation  of  angles  of  primary  stations  in,  * 
p.eo.  j 

SOUTHEAST  SHOAL.  FLA.,  p.  30.  1 

SOUTHERN  ILLINOIS.  Reconnaissance  in,  p.  67.  I 

SOUTH  MOUNTAIN  RANGE,  p.  27.  j 

SPAULDING,  J.  G.  Thlal  observ'ations  at  North  Haven,  Me.,  p.  13.  | 

SPECIAL  OBSERVATIONS  IN  CHESAPEAKE  BAY,  p.  23.  | 

SPECIAL  SURVEY  OF  PHILADELPHIA  HARBOR,  p.  21.  s^e  ‘ 
also  Appendix  No.  9,  pp.  121-173.  * 

SPERLIN  ROCK,  ME.,  p.  12. 

SPRANDEL,  JULIUS.  H3'drographic  Division,  Coast  and  Geo¬ 
detic  Survey  Office,  until  his  death,  p.  59. 

SPRING  GARDEN,  WIS.,  p.  67.  j 

STANDARD  YARDS.  Comparison  of  British  with  those  of  Coast  | 
Survey,  by  Assistant  J.  E.  Hilgard,  p.  58.  j 


STANDISH  MONUMENT.  PLYMOUTH.  MASS.,  p.  16. 

STATE  COMMISSIONERS.  Latitude  and  longitude  ob8er\'ations 
for,  p^  4. 

STATE  HOUSE  AT  NASHVILLE,  TENN.,  p.  4. 

STATESVILLE,  N.  C.,  p.  27. 

STATE  UNIVERSITY  OF  WISCONSIN,  Observatory  located 
at,  p.  60. 

STATIS  ICS  OF  FIELD  AND  OFFICE  WORK  OF  THE 
UNITED  states  COAST  AND  GEOI»ETIC  SURVEY  TO 
THE  CLOSE  OF  THE  YEAR  1877.  Appendix  No.  2,  pp.  73,  74. 

STAUNTON,  VA..  p.  25. 

STAUNTON  RIVER.  Triangulation  near.  p.  2-5. 

STEADFAST  (sloop).  Use  of,  in  Section  VI,  p.  31. 

STEILACOOM,  WASH.  TER.,  p.  52. 

STEWART,  G.  A.  Miscellaneous  Division,  Coast  and  Geo<letic 
Sar\*ev  Office,  p.  64. 

STRAIT  OF  FLORIDA,  p.  29. 

STRAIT  OF  FUCA.  Triangulation  across,  pp.  5,  51;  referred  to 
in  estimates,  p.  9. 

STRANDING  OF  THE  BLAKE  OFF  COAST  OF  CUBA.  pp. 
34-38. 

STRIPLO  PEAK.  Signal  on,  p.  51. 

STUYVESANT.  Tidal  bench-marks  at,  pp.  4,  19,  50. 

SUESS,  WERNER.  Miscellaneous  Division,  Coast  and  Geodetic 
Survey*  office,  p.  64.  ^ 

SUGAR  LOAF  STATION.  Reconnaissance  in  Southern  Illinois, 
p.  57. 

SULLIVAN,  J.  A.,  ASSISTANT.  Determination  of  positions  of 
light-honses  in  Delaware  Bay,  pp.  22,  23;  (^ompnting  Division, 
Coast  and  Geodetic  Survey  Office,  pp.  69.  60,  61. 

SUMMIT  STATION,  NEAR  GUNTERSVILLE,  ALA.,  pp.  42,  43. 

SUMMIT  STATION,  CENTRAL  PACIFIC  RAILROAD,  CAL 
Latitude  and  longitude  observations  at,  p.  5;  observations  of 
transit  of  Mercury  at,  p.  49;  see,  also,  repoit  by  B.  A.  Colonna, 
Assistant,  Appendix  No.  6,  pp.  81-87. 

SURVEY.  Of  the  Delaware  River,  p.  20;  also  Appendix  No.  9,  pp. 
121-173;  of  Duck  Island  Harbor,  Conn.,  p.  16;  of  Rockaway  Inlet 
and  vicinity,  N.  Y.,  p.  17 ;  of  Coney  Island,  N.  Y.,  p.  18;  (special) 
near  Philadelphia,  pp.  21,  2*2,  App  ndix  No.  9,  pp.  121-173;  of 
Saint  John’s  River,  Fla.,  pp.  30,  31 ;  of  Indian  River,  Fla.,  p.  31 ; 
of  Oooked  River,  Fla.,  p.  33;  of  Mississippi  River,  p.  41;  sonth 
of  Point  Sal,  Cal.,  p.  47 ;  of  the  Columbia  River,  Oreg.  p.  50. 

SURVEYING  PARTIES  UPON  THE  ATLANTIC,  GITLF, 
AND  PACIFIC  COASTS  OF  THE  UNITED  STATES  DUR- 
ING  THE  SURVEYING  SEASON  OF  1877-78.  Distribution 
of.  Appendix  No.  1,  pp.  67-72. 

SUTTON’S  ISLAND,  ME.  Rock  developed  near,  p.  12. 

SUWANEK  RIVER.  Chart  of  entrance  and  approachea  to,  re¬ 
ferred  to  in  estimates,  p.  8. 

SWAN  ISLAND  (Harbor).  Chart,  of,  refeirwl  to  in  estimates,  p. 
8 ;  chart  of  Jericho  Bay.  including  shore  of.  p.  13. 

T. 

TACOMA,  WASH.  TER.,  p.  53. 

TAMPA,  FLA  ,  p.  33. 

TAMPA  BAY,  FLA.  To  continue  triangulation  of  coast  near,  re¬ 
fen  ed  to  ill  estimates,  p.  7 ;  engraving  of  coast  chart  of,  reference 
to,  in  ostimatea,  p.  8. 

TANSEY,  L.  J.,  OF  LEESBURG,  TEX.  Attentions  to  Coast 
Survey  Officers  employed  there,  p.  44. 

TAPPAN,  C.,  AID.  Seivicesin  Section  VIII,  pp.  41,  42. 

TENNESSEE,  p.  43;  magnetic  observations  in,  p.  56 ;  observations 
for  latitude  and  azimnth  at  north  end  of  Lebanon  base-line,  p.  56. 

TEREDO.  Destructiveness  of  the,  at  New  Tacoma,  Wash.  Ter., 
p.  53. 

TEXAS.  Reconnaissance  along  the  coast  of,  pp.  5,  43,  44  ;  reference 
to,  in  estimates,  p.  7 ;  magnetic  observations  on  coast  of,  p.  45. 

TEXAS  POINT,  p.  44. 

THAMES  RIVER,  CONN.  Chait  of,  referretl  to  in  estimates,  p.  8. 

THOMAS,  EUGENE  B.,  LIEUTENANT,  U.  S.  N.,  COMMAND¬ 
ING  NAVAL  DEPOT  AT  KEY  WEST.  Courtesies  extended 
to  officers  of  the  Blake  by,  p.  36. 

THOMAS,  M.  Tidal  Division,  Coast  and  Geodetic  Survey  Office, 

p.62. 

THOMPSON,  J.  G.  Engraving  Division,  Coast  and  Geodetic  Sur* 
vey  Office,  p.  03. 
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THOMPSON,  W.  A.  Engraving  Division,  Coast  and-  Geodetic  Sur¬ 
vey  Office,  p.  63. 

THOMSON,  SIR  WILLIAM.  Reference  to  “harmonic  method" 
of  analysis  of  tidal  observations,  p.  4. 

THORNBUSH  LEDGE.  Developed  at  entrance  to  Naakeag,  Me., 
p.  13. 

THOROUGHFARE,  THE,  NE  AR  HEAD  HARBOR,  p.  13. 

TIDAL  DIVISION,  COAST  AND  GEODETIC  SURVEY  OFFICE 

p.  61. 

TIDAL  OBSERVATIONS.  Reference  to  progress  of^  at  North 
Haven,  Penobscot  Bay,  Providence,  Governor’s  Island,  and  Sandy 
Hook,  p.  4;  at  Femandina  and  Saucelito,  p.  5 ;  in  Gulf  of  Maine, 
reference  to,  p.  6;  reference  in  estimates  to  continuation  of, in  | 
Chesapeake  Bay,  between  Charleston  and  Savannah,  p.  7 ;  at  San 
Francisco  and  Port  Townshend,  pp.  8, 9 ;  at  Alaska,  p.  9 ;  at  Head 
Harbor,  Isle  au  Haut  Thoroughfare,  and  Green’s  Landing,  p.  13  : 
at  North  Haven,  p.  13;  at  Providence,  p.  14;  at  Governor’s  Island,  pp' 
18,19;  at  Foitress  Monroe,  Va.,  p.  at  Savannah,  Ga.,  p.  28;  at  | 
Femandina,  Fla.,  p.  29 ;  atNew  Oi  leans.  La.,  p.  40 ;  transfer  of,  from 
Fort  Point  to  Saucelito,  pp.  47, 48 ;  at  the  Sandwich  Islands,  p.  54.  ! 

T IDE-G  AUGES.  At  Green’s  Landing,  p.  13 ;  on  the  Delaware  River 
p.  22 ;  self-registering,  lent  to  the  Hawaiian  Government  Survey 
in  1876  for  use  at  Sandwich  Islands,  pp.  54, 61. 

TIDES  IN  PENOBSCOT  BAY,  ME.  Discussion  of,  by  William 
Fer|^l,  Appendix  ^o.  11,  pp.  268-304. 

TIDE  TABLES.  Refei'ence  to  publication  of,  for  principal  ports  of 
the  United  States  for  1879,  pp.  3, 4,  6, 61 ;  reference  in  estimates  for  i 
preparation  of,  for  1880,  pp.  7, 9. 

TITTMANN,  O.  H.,  ASSISTANT.  Hudson  River  levels,  p.  19 ; 
special  duty  in  office  of  assistant  in  charge,  p.  59 ;  observer  of 
transit  of  Mercurj*,  Appendix  No.  7,  p.  91. 

TOCOI.  Survey  of  Saint  John’s  River,  Fla.,  as  far  as,  pp.  5, 30, 31. 

TOPOGRAPHY.  Progress  of;  Skilling  River  and  Blue  Hill  Bay, 
Mo.,  p.  12;  near  New  Haven,  Conn.,  pp.  16,17;  of  Hudson  River, 
p.  19;  eastward  from  Norfolk,  Va.,  p.  23;  of  Cape  Fear  River,  N. 

C.,  p.  20;  of  Catalina  Island,  Cal.,  p.  46;  of  Point  Arguello  and 
south  of  Point  Sur,  Cal.,  p.  47;  of  Puget  Sound,  Wash.  Ter.,  p.  52; 
of  Hood’s  Canal,  Wash.  Ter.,  pp.  52, 53. 

TORNADOES,  CYCLONES,  AND  WATERSPOUTS.  Meteoro¬ 
logical  researches  for  the  use  of  the  Coast  Pilot,  Part  II,  by  Wib 
liam  Ferrel,  Appendix  No.  10,  pp.  174-267. 

TORTUGAS,  p.  29 ;  dredging  near,  pp.  36, 37 ;  soundings  off,  p.  38. 

TORTUGAS  HAjRBOR.  Completion  of  chart  of,  referred  to  in  es¬ 
timates,  p.  8 ;  the  Blake  anchored  in,  p.  37. 

TRABUE,  W.  ■  Superintendent  of  telegraph  lines  of  Western 
Union  Compan3',  facilities  extended  observers  of  the  transit  of 
Mercury,  by,  p.  55. 

TRANSACTIONS  OF  THE  INTERNATIONAL  GEODETIC  AS¬ 
SOCIATION  FOR  1878.  Instrument  contrived  by  Mr.  Saegmtiller 
described  in,  p.  64. 

TRANSIT  OF  MERCURY,.  MAY,  1878.  Observed  by  Subassist- 
ant  Colonna  and  J.  F.  Pratt,  at  Summit  Station,  Central  Pacific 
Railroad,  pp.  48, 49;  for  report  see  Appendix  No.  6,  pp.  81-87  ;  refer¬ 
ence  to  preparation  by  Assistant  Schott  of  report  of  obserA’ations 
on,  made  at  Washington,  D.  C.,  p.  60 ;  for  report  see  Appendix  No. 

7,  pp.  88-91. 

TRASK.  Triangnlation  station  in  New  Hampshire,  p.  14. 

TRAVIS.  Triangulation  station  in  Pennsylvania,  p.  21. 

TREASURY  DEPARTMENT  OF  THE  UNITED  STATES.  Ap- 
pointment  of  Assistant  J.  E.  Hilgard  as  Member  of  International 
Geodetic  Association  with  sanction  of,  p.  2. 

TRIANGULA TION.  Estimate  to  connect  Atlantic,  with  that  of 
Chesapeake  Bay,  p.  6 ;  to  continuation  of,  of  west  coast  of  Florida, 
p.  7 ;  to  continuation  of,  on  coast  of  Louisiana  west  of  Mississippi 
River,  p.  7 ;  on  coast  of  the  Pacific,  pp.  8, 9 ;  in  New  Hampshire, 
pp.  14, 20  ;  of  Boston  Upper  Harbor,  p.  14;  south  coast  of  r.ong 
Island,  p.  18 ;  in  Pennsylvania,  p.  21 ;  near  Philadelphia,  pp.  21, 22 ; 
(primary)  in  Virginia  and  West  Virginia,  p.  25;  in  North  Carolina, 
pp.  26, 27  ;  of  Sarasota  Bay,  p.  33 ;  of  Barataria  Bay,  La.,  p.  39 ;  of 
the  Mississippi  River  in  vicinity  of  Vicksburg  and  near  Donald¬ 
son  ville,  pp.  40. 41 ;  of  the  Mississippi  River  near  Natchez,  p.  41 ;  of 
the  Mississippi  River,  p.  42 ;  in  Northern  Alabama,  p.  42 ;  (primary) 
close  of  chain  of  quadrilaterals  from  Kent  Island  base  to  Atlanta, 
Ga.,  p.  43 ;  of  Laguna  Madre,  Tex.,  p.  44 ;  across  the  Santa  Barbara 
channel,  p.  45;  in  the  Davidson  quadrilateral,  p.  48 ;  and  topogra¬ 
phy  of  Puget  Sound,  Wash.  Ter.,  p.  52 ;  and  topography  of  Hood's 
Canal,  Wash.  Ter.,  pp.  52,  53 ;  in  Wisconsin,  p.  57. 


I  TROUGHTON  AND  SIMMS.  Coast  SurVey  zenith  telescope  made 
uy,  used  in  obsei*vations  of  transit  of  Metcnry,  see  Appendix  No. 
7.  p.  90. 

I  TROY,  N.  Y.  Chart  of  Hudson  River  from  New  York  to,  referred 
to  in  estimates,  p.  8. 

TUBB’S  INLET,  S.  C.,  p.  28. 

TWO  MILE  BEACH.  DELAWARE  BAY,  p.  22. 

r. 

UNDERWOOD,  J.  P.,  ENSIGN,  U.  S.  N.  Aid  in  observation  of 
sea  currents  off  coast  of  New  England,  p.  16 ;  services  in  Section 
VI,  pp.  30,  31. 

UNION  Rl’VER  BAY,  ME.,  p.  12. 

UNITED  STATES  ARSENAL,  PHILADELPHIA,  p.  22. 

UNITED  STATES  COMMISSION  ON  FISH  AND  FISHERIES. 
Reference  in  estimates  to  dredging  along  the  Atlantic  coast  in 
connection  with,  p.  7. 

UNITED  STATES  CONSUL  AT  THE  BAHAMAS,  p.  29. 

UNITED  STATES  ENGINEER  OFFICERS.  Self-registering 
tide-gauge  furnished  to.  at  Savannah,  Ga.,  p.  28;  reference  to  in¬ 
formation  furnished  to,  p.  62;  see  also  Appendix  No.  3,  pp.  75,  76. 

UNITED  STATES  LIFE-SAVING  STATIONS.  Reference  to. 

p.  26. 

UNITED  STATES  NAVAL  OBSERVATORY,  WASHINGTON, 
D.  C.  Telegraphic  signals  exchanged  between  Harrisburg  and,  p. 
21;  between  Summit  Station  and,  p.  49;  see  also  Appendix  No.  7, 
pp.  88.  89 ;  exchanffe  of  signals  between  observers  at  Columbus. 
Ohio,  and  Nashville,  Tenn.,  and  the,  p.  54. 

UNITED  STATES.  Reference  to  oblique  arc,  beginning  at  Calais 
and  extending  southward  and  westward  to  Atlanta,  p.  3. 

UNITED  STATES.  Standanls  of  measure,  reference  to  compari¬ 
sons  of,  pp.  58,  59. 

UNIVERSITY  OF  WISCONSIN  AT  MADISON.  Astronomical 
station  and  observatory,  pp.  3,  57,  60;  magnetic  observations  at, 
p.  61;  perfecting  of  building  and  apparatus  of  observatory  of,  p.  64. 

UPPER  CURRITUCK  SOUND,  N.  C..  p.  60. 

UPPER  WILLAMETTE  VALLEY,  p.  51. 

UTZSCHNEIDER  AND  FRAUNHOFER,  MAKERS  OF  “HASS- 
LER’S  TELESCOPE,"  reference  to.  Appendix  No.  6,  pp.  81.  87. 

V. 

VANCOlWER.  Tidal  observations  at,  p.  50. 

VAN  HORNE,  COLONEL,  GENERAL  SUPERINTENDENT  OF 
SOUTHERN  DIVISION  OF  WESTERN  UNION  TELEGRAPH 
COMPANY,  p.  54. 

VAN  ORDEN,  C.  H.  Services  in  Section  VIU,  p.  42;  in  Comput¬ 
ing  Division.  Coast  and  Geodetic  Survey  Office,  pp.  60,  61. 

VARIATIONS  OF  THE  COMPASS,  p.  58. 

VERMILION  BAY.  Reconnaissance  for  triangulation  between, 
and  Galveston  Bay,  pp.  5,  44. 

VERMONT.  Geodetic  operations  in,  pp.  4,  19. 

VERPLANCK’S  POINT,  N.  Y.,  p.  19. 

VICKSBURG.  Continuation  of  survey  of  Mississippi  River  near, 
pp.  5,  41 ;  base  line  at,  p.  40 ;  astronomical  station  at,  p.  42 ;  obser 
vations  for  longitude  of,  p.  55. 

VIDALIA.  Mississippi  base  line  measured  near,  p.  40;  triangula- 
Uon  of  the  river  near,  p.  41, 

VINAL,  W.  I.,  SUBASSISTANT.  Services  in  Section  VI,  pp.  30, 
31 ;  reference  to  work  in  said  section,  p.  40. 

VINITA,  IN  INDIAN  TERRITORY.  Magnetic  observations  at, 
pp.  5,  45,  58. 

VIRGINIA.  Triangulation  near  boundary  line  between  Maryland 
and,  referred  to  in  estimates,  p.  6;  primary  triangulation  in,  and 
West  Virginia,  p.  25;  examination  on  coast  of,  p,  26;  the  Sillima 
off  coast  of,  p.  33 :  revision  of  angles  at  primary  stations  in,  p.  60. 

W. 

WADHAMS,  A.  V.,  LIEUTENANT,  U.  S.  N.  Services  in  Section 
'VI,  p.  30. 

WAIN  WRIGHT,  D.  B.,  AID.  Servi^  in  Section  X.  pp.  45,  47; 
in  snboffice  at  San  Francisco,  Cal.,  p.  48. 

WALALLA.  Reconnaissance  near,  p.  48. 

WALTHAM,  MASS.,  p.  14. 

WALTON,  WALTER,  LIEUTENANT,  UNITED  STATES  REV¬ 
ENUE  MARINE,  p.  26. 

WARRANDALE,  OREG.  Tidal  observations  at.  p.  50. 
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WASHINGTON  CITY,’  D.  C.  Annual  magnetic  obaervationa  at 
station  on  Capitol  HlU,  pp.  3,  4,  24,  60;  bench  marks  along  the  | 
Potomac  near,  p.  4 ;  latitude  and  longitude  observations  at  Naval 
Observatory  for  Pennsylvania  and  New  York  boundary  commis¬ 
sion,  p.  21 ;  observations  on  fteshet  in  Potomac  in  vicinity  of,  p. 

24;  triangulation  near,  p.  25;  observ'stions  in  May,  1878,  of  transit 
of  Mercury  at,  pp.  49,  00 ;  see  report  of  same  b.y  Chas.  A.  Schott, 
assistant,  Appendix  No.  7,  pp.  88-91 ;  exchange  of  signals  between 
Columbus.  Ohio,  and  Nashville,  Tenn.,  p.  54 ;  determination  of 
longitude  at  points  intermediate  between,  and  Atlanta.  Ga.,  p.  55. 

WASHINGTON  SOUND.  Primary  triangnlation  points  selected 
in,  p.  5;  reference  in  estimates  to  chart  of.  p.  9;  triangulation  over 
waters  of,  p.  51. 

WASHINGTON  TERRITORY.  Reference  in  estimates  to  sound¬ 
ings  off  uoast  of,  pp.  6,  8;  Coast  Pilot  for,  pp.  9,  48;  reconnaissance 
for  triangnlation  stations  in,  p.  50;  and  for  base  lines  in,  p.  51;  tri-  , 
angulation  and  topography  of  Puget  Sound  and  Hood's  Canal,  p. 

52 ;  inspection  in,  p.  53. 

WATERSPOUTS,  CYCLONES,  AND  TORNADOES.  Meteoro¬ 
logical  researches  for  the  use  of  the  Coast  Pilot,  Part  II,  by  Will¬ 
iam  Ferrel,  Appendix  No.  10,  pp.  174-267. 

WATMOUGH  HEAD,  p.50. 

WEBBER,  F.  P.,  LATE  ASSISTANT.  Reference  to  his  death  at 
Gunter’s  Mountain,  Ala.,  p.  42,  and  to  his  latest  work  there,  p.  43. 

WEBSTER,  C.  Miscellaneous  Division,  Coast  and  Geodetic  Sur¬ 
vey  Office,  p.  64. 

WEEK'S  LANDING,  DELAWARE  BAY,  p.  22. 

WEIGHTS  AND  MEASURES.  International  Committee  on,  p.  58. 

WEIR,  J.  B.  Services  with  Assistant  Mitchell  in  special  survey  of 
Delaware  River,  see  Appendix  No.  8,  p.  121. 

WELLFLRET,  MASS.,  p.  14. 

WELLSBURG.  Triang^ation  station  near,  p.  20. 

WESTERN  UNION  TELEGRAPH  COMPANY.  Services  ren- 
dered  Coast  and  Geodetic  Survey  Officers  by  members  of  the,  pp. 
38,49,55. 

WEST  VIRGINIA.  Primary  triangulation  in,  p.  25. 

WHIDBEY  ISLAND,  WASH.  TER.  Examination  for  sites  for 
base-linee  on,  pp.  5, 51. 

WmTEFACE  MOUNTAIN,  N.  H.,  p,  14. 

WHITING,  H.  L.,  ASSISTANT.  Topography  of  Hudson  River. 
N.Y.,p.lft 

WILKES  COUNTY,  N.  C.  Triangulation  in,  p.  27. 

WILLAMETTE  VALLEY,  OREG.  Examination  for  sites  for 
base-lines  in,  p.  5. 

WILLARD,  J.  H.,  LIEUTENANT,  U.  S.  CORPS  OF  ENGINEERS. 
Referenee  to  co-operation  with  party  of  Assistant  Tittmann,  p.  19. 


WILLENBUCHER,  E.  Hydrographic  Division,  Coast  and  Geo¬ 
detic  Survey  Office,  p.  59. 

WILLENBUCHEEl,  W.  C.  Hydrographic  Division,  Coast  and  Geo¬ 
detic  Survey  Office,  p.  50. 

WILLIAMSON,  R.  S.,  LIEUTENANT-COLONEL,  U.  S.  A.  En¬ 
gineer  of  Twelfth  Light-House  District,  p.  47. 

WILLIAMSPORT,  MD.,p.24. 

WILMINGTON,  DEL.,  p.21. 

WILMINGTON,  N.  C.  Topography  of  shores  of  Cape  Fear  River 
below,  p.  5. 

WILSON’S  MOUNTAIN,  NORTHERN  ALABAMA,  p.43. 

WINDMILL  ISLAND,  DELAWARE  RIVER,  p.  22;  also  in  Ap- 
pendix  No.  9,  pp.  134, 135. 

WINES,  M.  W.  Computing  Division,  Coast  and  Geodetic  Survey 
Office,  pp.  60,  61 ;  Miscellaneous  Division,  p.  63 ;  clerical  duties 
in  office  of  assistant  in  charge,  p.  64. 

WINSLOW,  FRANCIS,  MASTER,  U.  S.  N.  Services  in  Section 
III,  p.  24 ;  in  Section  IV,  p.  26 ;  in  Section  VI,  p.  29. 

WISCONSIN  STATE  UNIVERSITY  AT  MADISON.  Magnetic 
observations  at  observatory*  of,  pp.  3,  5 ;  reference  to,  p.  60. 

WISCONSIN.  Geodetic  operations  in,  p.  67 ;  computation  of  State 
triangnlation,  p.  60. 

WOODLA ND.  Triangulation  of  Barataria  Bay,  La.,  station  at,  p.  39. 

WORRALL,  COLONEL  JAMES.  Chairman  of  joint  commission 
on  boundary  of  Pennsylvania  and  New  York,  p.  21. 

WYCKOFF,  A.  B.,  LIEUTENANT,  U.  S.  N.  Services  in  Section 
XI,  p.  52. 

V. 

YE  ATM  AN,  A.  Miscellaneous  Division,  Coast  and  Geodetic  Sur¬ 
vey  Office,  p.  64. 

YNKZ  RIVER,  CAL.  Progress  of  topography  on  coast  near,  pp. 
5,47. 

YOUNG,  J.  J.  Engraving  Division,  Coast  and  Geodetic  Survey 
Office,  p.  63. 

YOUNG  MOUNTA  IN,  N.  C.  Computations  of  observations  of  1876 
on,  p.  60. 

YUCATAN  BANK.  Dredging  near,  and  soundings  off,  pp.  37, 38. 

YUKON  (schooner).  Use  of,  in  Section  XI,  p.  51. 

Z. 

ZEEK’S  ISLAND,  N.  C.  Increase  of,  to  the  southward  and  east¬ 
ward,  p.  26. 

ZUMBROCK,  A.  In  charge  of  Electrotype  and  Photographing 
Division,  Coast  and  Geodetic  Survey  Office,  p.  63. 
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Office  of  the  Coast  and  Geodetic  Survey, 

Washington^  December  10,  1878. 

SiE:  I  have  the  honor  to  transmit  this  report,  showing  in  detail  the  progress  made  in  the  survey 
of  the  coasts  of  the  United  States  and  geodetic  operations  prosecuted  in  connection  w  ith  that  work 
in  the  course  of  the  fiscal  year  ending  June  30,  1878. 

The  field  parties  and  the  vessels  used  for  transportation  are  of  necessity  exposed  to  all  va¬ 
rieties  of  climate  and  to  all  extremes  of  weather.  It  is  therefore  a  subject  of  great  satisfaction  to 
report  that  the  vicissitudes  of  the  year,  so  sadly  marked  by  unusual  mortality  in  one  section  of 
the  Union  and  by  the  record  of  many  storms  along  the  coast,  have  entailed  no  disaster  to  the  serv¬ 
ice.  Of  several  parties  on  the  shores  of  the  Lower  Mississippi  one  remained  at  work  until  late 
in  August.  Yellow  fever  was  then  raging  above  and  below  the  working  ground,  but  the  opera¬ 
tions  were  in  no  instance  delayed  by  sickness.* 

On  the  Atlantic,  Gulf  of  Mexico,  and  Pacific  coast  of  the  United  States,  an  aggregate  of 
twenty-nine  vessels  has  been  in  employ.  The  usual  risks  have  been  met  by  the  parties  when 
afloat,  but  no  loss  has  been  incurred  beyond  the  outlay  for  repairing  the  slightly  injured  vessels. 
In  January  last  one  of  the  steamers  of  the  survey  was  in  great  peril  during  several  days  in  the 
Gulf  of  Mexico,  but  was  finally  relieved  by  the  exertions  of  her  officers  and  crew.  Of  this  inci¬ 
dent  further  mention  will  be  made  in  connection  with  a  notice  of  the  work  in  which  the  vessel 
was  at  that  time  engaged. 

As  heretofore  the  aim  has  been  steadily  maintained  of  limiting  the  outlay  for  each  party  to 
the  least  sum  consistent  with  its  efficiency.  All  items  in  estimates  for  outfit  and  for  monthly  ex¬ 
penditures  in  field  work  and  hydrography  have  been  closely  scanned,  and  it  is  gratifying  to  add 
that  the  assistants  have  cheerfully  sustained  all  arrangements  for  promoting  economy. 

A  few  years  ago  the  hydrography,  for  want  of  suitable  vessels,  was  left  behind  the  field  work, 
but  recently  the  advance  made  by  the  sounding  parties  has  nearly  equalized  progress  as  between 
those  branches  of  the  service.  In  the  course  of  the  fiscal  year  ending  June  30,  1878,  the  hydrog¬ 
raphy  was  prosecuted  by  fifteen  parties  working  in  twenty-four  localities.  Each  of  the  Xavy 
officers  who  have  conducted  work  under  my  direction,  and  the  officers  associated  with  them,  will 
be  named  in  separate  notices  of  the  work  done  by  the  several  parties.  It  gives  me  pleasure  to 
record  that  the  officers  detailed  from  the  Navy  Department  have  worked  with  energy  and  intelli¬ 
gence.  Their  efficiency  in  the  discharge  of  duty  is  a  gratifying  evidence  that  the  present  naval 
standard  befits  the  honor  of  the  nation,  and  secures  the  well-being  of  one  of  its  most  important 
interests. 

The  distribution  of  all  the  parties  in  the  course  of  the  year  is  given  in  bibular  form  in  Appen¬ 
dix  No.  1,  which  shows  in  geographical  order  the  localities  of  the  work. 

It  will  be  seen  that  progress  has  been  made  in  topographical  development  on  parts  of  the  coast 
not  heretofore  included  within  the  limits  of  operations.  That  the  work  should  be  Jidvanced  yearly 
over  new  or  unsurveyed  ground  has  been  regarded  as  an  imperative  duty,  but  while  sustaining  that 
policy,  some  regard,  of  necessity  has  been  given  to  calls  for  the  revision  of  hydrography  at  im¬ 
portant  localities  when  the  expense  to  be  incurred  was  comparatively  light. 


*  The  sailing  master  in  the  party  working  near  Donaldsonville,  La.,  having  passed  several  summers  in  the  Lower 
Mississippi,  preferred  to  remain  in  the  section,  and  volunteered  to  take  charge  of  the  vessel  after  the  close  of  field 
^ork.  He  continued  in  good  health  until  the  25th  of  October,  but  was  then  seized  with  yellow  fever  and  died  on  the 
30th  of  that  month. 

s.  Ex.  13 - 1 
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At  several  of  our  principal  seaports  the  local  authorities  have  appropriated  means  for  revising 
the  shore  line  and  soundings  of  early  surveys,  so  as  to  develop  changes  that  have  occurred  and 
afford  data  for  the  stay  of  encroachments.  These  in  most  cases  have  caused  alterations  hurtful 
to  the  channels,  but  the  injury  done  can  be  ascertained  only  by  careful  resurvey.  When  the  facts 
are  ascertained  and  proper  restraining  limits  are  pointed  out,  further  encroachment  on  the  water 
space  is  prohibited  by  municipal  or  by  legislative  action. 

With  means  furnished  by  the  State  of  Maryland  a  complete  resurvey  has  been  made  of  the 
outlines  and  water  space  of  the  harbor  of  Baltimore,  and  similar  work  is  now  in  progress  at  Phil¬ 
adelphia,  for  which  means  were  provided  by  the  city  authorities.  These  operations  keep  mainly  in 
view  the  data  requisite  for  answering  inquiries  as  to  the  causes  of  alteration  for  the  worse ;  hence 
the  shore  line  survey  and  soundings  are  conjoined  with  elaborate  observations  of  the  currents,  and 
comparison  of  their  courses  and  velocities  with  those  of  earlier  periods.  Numerous  observations 
are  recorded,  and  the  issue  of  their  discussion  is  to  i^oint  out  restrictions  needful  for  the  preserva¬ 
tion  of  the  harbor.  As  already  said,  each  of  the  principal  ports  of  the  Atlantic  seaboard  has  been 
for  such  purposes  under  consideration  by  the  local  authorities,  and  more  recently  the  harbor  of 
Norfolk. 

In  all  the  instances  here  alluded  to,  appeal  has  been  made  for  the  ser\ices  of  trained  observers, 
and,  as  already  intimated,  such  calls  have  been  favorably  met  in  cases  in  which  officers  of  the 
government  have  been  associated  as  advisory  boards  with  harbor  commissioners.  Pay  of  hands 
and  all  expenses  incidental  to  the  resurveys  of  harbors  have  been  borne  by  the  local  authorities. 
And  if  we  regard  the  projected  improvements  in  such  cases  as  purely  local,  and  leave  them  out  of 
view,  it  is  nevertheless  desirable  that  the  appropriations  for  the  Coast  and  Geodetic  Survey  should 
be  sufficient  for  maintaining  due  progress  in  the  regular  work,  and  for  providing  at  the  same  time 
the  means  for  revising  hydrogra])hy  in  which  national  interests  are  involved,  so  far  as  related  to 
general  navigation,  and  in  which  appeal  cannot  be  made  to  municipalities.  Cases  of  this  kind, 
beyond  the  range  of  riparian  interests  or  ownership,  will  be  cited  in  the  further  mention  which 
will  be  made  presently  under  the  head  of  estimates. 

The  geodetic  work  of  the  survey,  resulting  in  finally-determined  positions  on  land,  of  course 
suffers  no  change  under  causes  that  affect  here  and  there  the  shore-line  surveys  and  the  hydrog¬ 
raphy,  nor  so  far  as  yet  known  any  change  whatever.  Nevertheless,  geographical  paints,  whether 
determined  by  astronomical  observations  or  by  triangulation,  depend  for  exactness  of  relation 
upon  previous  knowledge  respecting  the  figure  of  the  earth. 

During  the  last  hundred  years  the  interest  manifested  in  geodetic  operations  has  been  steady, 
but  through  all  the  earlier  parts  of  that  period  the  interest  was  necessarily  prospective.  The 
question  at  issue  could  not  be  solved  until  data  had  been  accumulated  by  measurements  made  on 
the  surface  of  the  earth  over  wide  ranges  of  latitude  and  longitude.  Europe,  Asia,  Africa,  and 
America  have  contributed  material,  so  far  as  geodetic  work  has  been  extended,  for  determining 
the  figure  of  the  earth,  and  at  no  preceding  time  has  the  interest  in  regard  to  that  question  reached 
the  degree  of  earnestness  now  generally  manifested.  In  order  to  further  in  all  ways  possible  such 
means  as  might  be  taken  to  secure  the  object  sought,  the  leading  scientific  men  of  Europe  have 
instituted  an  International  Geodetic  Association.  The  annual  meetings  of  that  body  have  greatly 
enhanced  the  spirit  of  research,  and  will  probably  lead  to  renewed  exertions  and  to  the  adoption 
of  all  expedients  that  the  science  of  the  present  day  may  be  able  to  present  for  an  early  and  satis¬ 
factory  settlement  of  the  question.  With  the  sanction  of  the  Treasury  Department  our  own  coun¬ 
try  is  fitly  represented  in  that  association  by  Assistant  J.  E.  Hilgard.  The  methods  used  in  the 
Coast  and  Geodetic  Survey  having  been  kept  in  accord  with  all  improvements,  the  geodetic  work 
of  the  United  States  is  properly  regarded  in  Europe  and  in  the  Geodetic  Association  as  being 
fully  equal  in  grade  to  any  work  of  the  kind.  Our  interest  therefore  in  the  question  concerning 
the  figure  of  the  earth  may  be  considered  as  commensurate  with  the  extent  of  our  territory. 

The  geodetic  operations  now  in  i)rogres8,  and  of  which  further  mention  will  be  made  in  the 
body  of  this  report,  are  so  arranged  as  to  furnish  points  for  correcting  maps  of  the  interior,  and  at 
the  same  time  to  add  largely  to  the  data  needful  for  determining  the  magnitude  and  figure  of  the 
earth  in  general,  and  especially  in  regard  to  the  figure  most  nearly  in  accord  with  the  surface  oi 
the  United  States.  Our  first  contribution  in  results  such  as  have  been  eagerly  desired  by  successive 
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masters  of  geodetic  science  in  times  past  will  be  the  computed  length  of  the  arc  of  the  meridian 
extending  from  Nantucket  Island  to  Mount  Blue,  in  Maine ;  the  length  of  the  arc  from  Ocracoke 
Inlet,  N.  C.,  to  the  head  of  Chesapeake  Bay,  in  Maryland ;  and  the  oblique  arc  upwards  of  twelve 
hundred  miles  long,  beginning  at  Calais,  on  the  northeastern  boundary  of  the  United  States,  and 
extending  southward  and  westward  to  Atlanta,  in  Georgia.  These  measures  are  all  deiived  from 
the  main  triangulation  of  the  Atlantic  coast. 

In  the  course  of  a  few  years,  if  means  are  available,  data  will  be  at  hand  for  assigning  the 
true  measure  of  one  of  the  longest  parallels  of  latitude  tmversing  the  area  of  the  United  States. 
When  complete  the  chain  of  great  triangles  for  the  geodetic  connection  between  the  survey  of  the 
Atlantic  coast  and  that  of  the  Pacific  coast,  will  stretch  east  and  west  nearly  twenty-six  hundred 
miles,  and  the  work  will  bind  together  in  true  geograi)hical  and  geodetic  relation  all  intervening 
States  along  or  near  the  39th  parallel,  and  indirectly  all  the  other  States  and  Territories  of  the 
Union. 

The  hydrography  of  the  Gulf  of  Mexico  will  be  a  subject  of  mention  under  the  hefid  of  Sec¬ 
tion  YIII,  in  Part  11  of  this  report.  When  the  gulf  soundings  were  so  far  advanced  as  to  give 
certainty,  and  therefore  special  value  to  researches  in  regard  to  living  forms  that  inhabit  deep-sea 
bottoms.  Prof.  Alexander  Agassiz,  of  Harvard,  was  notified  that  trawls  and  dredges  would  be  sent 
with  the  vessel,  and  was  invited  to  accompany  her  with  an  assistant  to  superintend  the  dredging 
collections,  take  charge  of  and  report  upon  such  specimens  of  deep-sea  and  other  ocean  fauna  as 
might  be  brought  up  by  the  hydrographic  party  of  Lieut.  Commander  C.  D.  Sigsbee,  U.  S.  N., 
Assistant  Coast  and  Geodetic  Survey,  in  the  steamer  Blake. 

Professor  Agassiz  promptly  accepted  the  invitation  and  joined  the  party,  with  his  assistant, 
Mr.  S.  W.  Garman,  expecting  to  return  after  a  short  stay  in  the  Gulf  to  his  duties  at  Cambridge. 
But,  early  in  the  cruise,  the  vessel,  while  under  charge  of  a  Spanish  pilot,  was  stranded  on  a  reef 
olBf  the  coast  of  Cuba,  and  was  relieved  from  imminent  peril  only  by  the  steady  courage  of  her  offi¬ 
cers.  Although  inconvenienced  by  the  unexpected  delay.  Professor  Agassiz  remained  near  by  and 
effectively  aided  in  obtaining  assistance,  and  when  the  steamer  was  again  afloat  pursued  the  in¬ 
tended  investigations.  The  results  were  incidentally  gathered,  but  they  are  ample,  and  will  be 
recognized  by  naturalists  as  adding  greatly  to  the  means  for  investigation  in  courses  pursued  else¬ 
where  by  expeditions  fitted  out  at  great  cost  in  Europe. 

The  specimens  procured  by  deep-sea  dredging  in  the  Gulf  of  Mexico  were  assorted  by  Pro- 
fesssor  Agassiz,  and  committed  for  final  investigation  to  naturalists  severally  the  most  eminent  in 
the  branches  of  study  to  which  the  different  specimens  pertain. 

In  pursuance  of  arrangements  to  which  reference  was  made  in  my  last  annual  report,  a  number 
of  stations  were  occupied,  in  the  course  of  the  fiscal  year,  for  gaining  needfiil  knowledge  in  regard 
to  the  vjwiation  of  the  compass,  or  declination  of  the  magnetic  needle.  Along  the  Atlantic  coast 
of  the  United  States  the  declination  is  well  known,  observations  having  been  made  incidentally  at 
many  stations,  as  shown  on  a  sketch  appended  to  this  volume.  But  whatever  the  declination  may  be 
at  any  one  position  near  the  coast,  a  line  along  which  the  magnetic  needle  has  the  same  variation 
can  be  well  traced  out  to  sea  only  by  starting  from  points  in  the  interior,  at  which  points  the  same 
variation  has  been  actually  found.  Hence  the  necessity  of  distributing  observations  over  a  large  area. 
The  stations  included  in  the  operations  of  the  present  year,  and  which  have  not  been  previously 
occupied,  will  be  mentioned  in  the  body  of  this  report,  and  also  in  Appendix  No.  1. 

The  discussion  of  the  secular  change  of  the  magnetic  declination  has  been  continued  by  Assist^, 
ant  Charles  A.  Schott,  all  recent  observations  being  taken  into  account  for  bringing  the  results  up 
to  the  present  time.  In  June  last  he  repeated  the  determinations,  which  have  been  here*«x)fore 
made  annually,  of  magnetic  measures  at  the  reference  station  in  Washington,  D.  C. 

At  the  observatory  in  Madison,  which  was  erected  by  the  authorities  of  the  Uniiversity  of 
Wisconsin,  magnetic  observations  have  been  kept  up  during  the  year.  The  instrumer^ts,  furnished 
from  this  Office,  are  self-registering,  and  have  yielded  continuous  photographic  tra<»^s  that  indicate 
even  the  least  magnetic  perturbation.  The  first  year’s  records  from  this  obse^'vatory  have  been 
discussed,  and  the  results  will  soon  be  arranged  for  publication. 

From  the  tidal  division  of  the  Office  printed  tables  are  issued  annu:ally>  predicting  all  the 
tides  of  the  coming  year  for  ports  on  the  Atlantic  and  Pacific  coasjcs  of  the  United  States. 
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The  times  are  given  with  a  near  approach  to  precision  at  special  places  where  long  series  of 
observations  were  recorded  in  past  years,  but  with  somewhat  less  exactness  for  intermediate 
positions.  For  some  years  the  tables  have  been  regarded  as  necessary  aids  in  the  navigation  of  our 
coasts.  These  tidal  predictions  result  from  the  application  of  systems  of  analysis  and  discussion 
that  have  been  from  time  to  time  improved,  but  chiefly  by  modiflcations  of  methods  formerly  in 
use.  The  last  imx>rovement  in  analysis,  and  known  as  the  harmonic  method^'^'  was  devised  by  Sir 
William  Thomson,  and  has  been  adopted  by  the  tidal  committee  of  the  British  Association  for  the 
Advancement  of  Science.  By  this  treatment  the  tide  is  followed  hourly,  and  is  scanned  in  strict 
accordance  with  time  through  the  entire  series  of  observations. 

The  tidal  records  of  Pulpit  Harbor,  North  Haven,  in  the  Fox  Island  group,  Penobscot  Bay, 
Maine,  for  a  period  of  six  years,  have  been  analyzed  by  the  harmonic  method  and  discussed  by 
Mr.  William  Ferrel  of  the  Coa^t  and  Geodetic  Survey.  His  report  on  the  subject  (Appendix  No.  11) 
explains  the  principles  of  this  kind  of  analysis  which,  in  application,  is  not  restricted  to  tidal 
observations,  but  may  be  used  for  any  series  of  numerous  obseiwations  made  at  equal  intervals  of 
time.  Then  follows,  in  the  paper,  the  application  of  these  principles  for  the  determination  of  tidal 
constants  of  all  the  principal  tide  components,  derived  from  the  Pulpit  Harbor  observations.  The 
results  are  thoroughly  discussed  and  compared  with  theory,  and  with  results  obtained  by  the 
same  method  in  other  parts  of  the  world.  Means  are  thus  afforded  for  a  careful  examination  of 
the  tidal  theory.  In  this  connection,  also,  the  paper  shows  that  much  study  has  been  given  to 
the  character  of  the  tides  in  shallow  waters.  Mr.  Ferrel,  in  concluding,  applies  results  for  com- 
Xmting  and  predicting  tides  along  the  whole  coast  of  New  England,  the  type  of  the  tide  appearing 
to  be  the  same  throughout,  as  shown  by  comparing  results  from  the  Pulpit  Harbor  series  with 
those  derived  from  the  series  recorded  in  Boston  Harbor. 

To  illustrate  the  nature  of  the  work  proposed  in  the  detailed  estimates  which  were  submitted 
to  the  department  in  October  last,  a  synopsis  was  given  showing  the  field  and  office  operations  of 
the  past’fiscal  year.  The  synopsis  is  here  inserted  as  usual  in  previous  annual  reports.  It  will  be 
noticed  that  the  work  has  been  advanced  in  upwards  of  one  hundred  localities  on  the  Atlantic 
coast.  Gulf  of  Mexico,  and  Pacific  coast  of  the  United  States,  including  geodetic  stations  inter¬ 
mediate  between  the  eastern  and  western  coasts.  For  convenience,  the  work  of  the  land  and  hydro- 
graphic  parties  will  be  recapitulated  in  the  usual  geographical  order.  The  work  afloat  and  the 
geodetic  and  other  operations  of  the  fiscal  year  ending  June  30, 1878,  include — soundings  in  the  sea¬ 
ward  approaches  of  Mount  Desert  Island,  off  the  coast  of  Maine;  and  in  that  vicinity  topographical 
surveys  at  the  head  of  Frenchman’s  Bay  and  Blue  Hill  Bay ;  hydrography  of  the  vicinity  of  Deer 
Isle  and  Isle  au  Haut,  and  tidal  observations  in  Penobscot  entrance ;  geodetic  work  at  Gunstock 
Mountain  and  at  Gilford,  for  determining  geographical  points  in  New  Hampshire;  triangulation  for 
the  harbor  commissioner’s  survey  of  Boston  upper  harbor ;  determination  of  the  positions  of  light¬ 
houses  on  the  coast  of  Massachusetts ;  development  of  the  action  of  sea  currents  as  affecting  navi¬ 
gation  across  the  Gulf  of  Maine ;  tidal  observations  at  Providence,  E.  I. ;  shore  line  survey  and 
soundings  in  Duck  Island  Harbor,  Conn.;  detailed  topographical  survey  of  the  north  and  west 
approaches  to  New  Haven,  Conn.,  and  of  the  western  shore  of  Jamaica  Bay,  including  Eockaway 
Inlet ;  survey  of  Coney  Island,  and  of  the  shores  of  Sheepshead  Bay  and  Gravesend  Bay,  Long 
Island,  N.  Y.;  hydrography  of  Eockaway  Inlet  and  of  the  adjacent  parts  of  Jamaica  Bay ;  pendu¬ 
lum  observations  at  New  York  City;  tidal  observations  at  Gavernor’s  Island  and  at  Sandy  Hook ; 
topography  of  the  shores  of  Hudson  Eiver  near  Peeksville,  N.  Y.;  tidal  bench-marks  at  Stay  vesant 
and  Albany,  established  by  lines  of  level ;  primary  triangulation  connected  with  geodetic  stations 
in  New  Hampshire,  Vermont,  and  Massachusetts;  latitudes  and  longitudes  for  State  commissioners 
in  adjustment  of  the  boundary  line  between  New  York  and  Pennsylvania ;  geodetic  points  deter- 

■lorthern  part  of  New  Jersey  and  in  Eastern  Pennsylvania;  latitude,  longitude,  and 
elements  at  Harrisburg;  points  determined  and  special  observations  of  tides  and 
e  Delaware  Eiver  at  and  near  Philadelphia ;  triangulation  for  light  house  positions 
^ay;  topographical  survey  continued  eastward  of  Norfolk,  Ya. ;  tidal  observations  at 
;  special  observations  in  the  waters  of  Chesapeake  Bay  in  regard  to  salinity  and 
h-marks  along  the  Potomac  near  Washington,  D.  C.,  for  comparing  flood  levels;  mag¬ 
netic  declinatibq,  dip,  and  intensity  determined  at  Washington;  lines  with  spirit  level  run  between 
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Hagerstown  and  Cumberland,  Md.;  primary  triangulation  at  stations  on  the  Blue  Ridge,  Va.; 
marine  notes  derived  from  examiuatious  between  Cape  Henry  and  Cape  Fear,  for  the  Atlantic  Coast 
Pilot ;  positions  of  life  sa\ing  stations  between  Cape  Henry  and  Cape  Hattenus,  determined  and 
marked  on  sheets  of  the  survey ;  topography  of  the  shores  of  Cape  Fear  River  below  Wilmington, 

N.  C.;  primary  triangulation  between  Kent  Island  base  line,  Maryland,  and  the  base  near  Atlanta, 
Ga.,  closed  at  stations  in  North  Carolina ;  hydrography  of  the  coast  of  South  Carolina  above  Mur¬ 
rell’s  Inlet,  including  Little  River;  coast  examinations  between  Fernandina,  Fla.,  and  the  Dry 
Tortugas,  and  marine  notes  comjiiled  for  publication ;  tidal  observations  at  Fernandina ;  hydrog¬ 
raphy  of  the  eastern  coast  of  Florida  from  Mosquito  Inlet  southward  to  Cape  Canaveral ;  survey 
of  the  Saint  John’s  River,  Fla.,  extended  southward  to  the  vicinity  of  Tocoi,  and  of  Indian  River 
to  the  neighborhood  of  Cape  Malabar;  hydrography  of  Charlotte  Harbor,  and  triangulation  of 
Sarasota  Bay  on  the  Gulf  coast  of  Florida;  survey  of  Crooked  River,  adjacent  to  Saint  George’s  . 
Sound,  and  supplementary  soundings  in  Duer’s  Channel  and  off  Light  House  Point;  deep-sea 
soundings  with  observations  for  temperature  and  density  in  the  waters  of  the  Gulf  of  Mexico ; 
triangulation,  topography,  and  hydrography  of  Barataria  Bay,  La.,  nearly  completed;  continuous 
record  of  the  water  level  of  the  Mississippi  at  New  Orleans ;  survey  of  the  river  continued  at 
Donaldson ville,  Natchez,  Vicksburg,  Greenville,  and  Helena;  latitude  and  longitude  determined  at 
the  same  places ;  triangulation  continued  in  Northern  Alabama,  and  stations  selected  in  Northern 
Mississippi ;  reconnaissance  along  the  coast  of  Louisiana  and  Texas  for  triangulation  between 
Vermilion  Bay  and  Galveston  Bay ;  triangulation  of  Laguna  Madre,  Tex.,  extended  southward  of 
Baffin’s  Bay;  magnetic  declination,  dip,  and  intensity  determined  at  Dollar  Point,  San  Antonio, 
Hempstead,  and  Groesbeck,  Tex.,  and  at  Vinita,  in  Indian  Territory.  On  the  Pacific  coast  of  the 
United  States,  and  at  points  intermediate  between  the  eastern  coast  and  western  coast,  the  opera¬ 
tions  of  the  fiscal  year  include — hydrography  of  the  bar,  and  of  parts  of  the  harbor  of  San  Diego, 
Cal.;  triangulation  for  determining  the  geographical  positions  of  San  Clemente  Island  and  Santa 
Barbara  Island ;  soundings  in  approaches  to  the  Pacific  coast  from  Point  Dume  westward  to  Santa 
Cruz,  inland;  topographical  survey  continued  on  Catalina  Island;  soundings  in  its  western  ap¬ 
proaches,  and  between  Santa  Rosa  Island  and  Point  Concepcion ;  topography  of  the  coast  in  the 
vicinity  of  Point  Arguello,  and  from  Ynez  River  northward  towards  Point  Sal,  and  of  the  coast 
north  and  south  of  Point  Sur;  tidal  observations  at  Saucelito  in  Sail  Francisco  Bay;  supplementary 
observations  on  the  horizontal  angles  recorded  at  the  primary  stations  on  Mount  Helena  and  Mount 
Diablo,  Cal. ;  selection  of  points  for  primary  triangulation  along  the  coast  between  Point  Arenas 
and  Cape  Blanco ;  hydrography  of  the  approaches  to  Columbia  River,  Greg.,  and  detailed  survey  of 
the  shores  and  channel  between  Mount  Coffin  and  Kalama;  selection  of  points  for  primary  triangu¬ 
lation  in  Washington  Sound,  and  across  the  Strait  of  Fuca;  sites  for  base  lines  examined  in  the  • 
Willamette  Valley,  Greg.,  and  on  Whidbey  Island,  W.  T. ;  hydrography  of  Admiralty  Inlet;  survey 
of  the  shores  of  Puget  Sound  from  Commencement  Bay  to  Budd’s  Inlet,  and  of  the  northern  part 
of  Hood’s  Canal ;  inspection  of  topogra])hy  in  the  field,  in  this  section,  compilation  of  the  titles  of 
charts,  &c.,  illustrating  the  coast  features  and  hydrography  of  Alaska. 

At  stations  of  the  geodetic  connection  between  the  Atlantic  coast  triangulation  and  that  of 
the  Pacific  coast,  and  at  others  occupied  for  the  determinations  of  latitude,  longitude,  and  the 
magnetic  declination,  or  variation  of  the  compass,  the  operations  include — observations  for  latitude 
and  longitude  at  Memphis  and  Nashville,  Tenn.;  at  Cairo,  111.;  at  Hickman  and  Paducah,  Ky. ; 
and  telegraphic  exchanges  by  signals  at  Nashville  for  the  longitude  of  places  along  the  Mississippi 
River,  as  already  recited ;  determination  of  the  magnetic  elements  at  Nashville,  and  of  latitude 
and  azimuth  near  Lebanon,  Tenn.;  stations  selected  in  Kentucky  for  the  triangulation  between 
Cumberland  Gap  and  the  Ghio  River,  and  in  Ghio  for  geographical  positions  between  Athens  and 
Columbus;  also  in  Southern  Illinois,  and  near  Madison  in  Wisconsin;  the  magnetic  elements 
determined  at  the  last  named  place,  and  also  at  La  Crosse ;  at  Minneapolis  in  Minnesota ;  at  Sib¬ 
ley,  Des  Moines,  Davenport,  and  Keokuk,  in  Iowa;  at  Gmaha  in  Nebraska;  and  at  Lawrence  in 
Kansas  ;  latitude  and  longitude  determinations  at  Summit  Station,  Central  Pacific  Railroad,  Cal. 

Progress  commensurate  with  the  field-work  has  been  made  in  the  Coast  and  Geodetic  Survey 
Gffice,  in  which  the  work  comprises  the  reduction  and  discussion  of  all  observations ;  the  preparation 
for  publication  of  the  records  and  results ;  the  drawing  of  hydrographic  charts  from  the  original 
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note  books  ;  and  of  topographical  and  hydrographic  sheets  for  publication ;  the  engraving,  electro- 
typing,  x>rinting,  and  issue  of  the  same,  and  the  repairs  of  instruments  used  in  the  survey. 

Tide-tables  for  the  principal  ports  of  the  United  States  for  the  year  1879  have  been  published; 
the  drawing  of  seventy-eight  charts  has  been  in  progress,  forty-two  have  been  completed,  and  of 
that  number  twenty-one  have  been  issued  by  photolithography. 

•  Seven  copper  plate  engraved  charts  have  been  completed,  and  six  others  are  in  hand,  exclusive 
of  one  hundred  and  thirty-five  plates  on  which  additions  have  been  engraved.  Twenty-one  thou¬ 
sand  six  hundred  and  twenty-three  copies  of  charts  have  been  issued  within  the  year,  and  upwards 
of  one  thousand  copies  of  the  annual  reports  from  the  office.  The  second  volume  of  the  Atlantic 
Coast  Pilot  is  now  in  course  of  publication. 

ESTIMATES. 

The  estimates  for  continuing  the  work  of  the  Coast  and  Geodetic  Survey  during  the  fiscal  year 
ending  June  30,  1880,  were  submitted  to  the  department  in  October  last.  The  aggregate  of  esti¬ 
mates  then  presented,  although  greater  than  the  appropriation  of  the  current  fiscal  year,  is  much 
less  than  the  amounts  first  submitted  in  October  of  the  preceding  year.  In  consequence  of  reduced 
axipropriations  during  several  years,  it  has  been  impossible  to  revise  the  surveys  of  several  imxmr- 
tant  localities  with  due  regard  to  the  progress  to  be  made  at  the  same  time  over  new  ground.  For 
several  years  the  interests  of  commerce  have  required  that  the  hydrography  should  be  re\ised  in 
Long  Island  Sound ;  in  Eew  York  Bay ;  in  Delaware  Bay  and  Eiver ;  at  the  Mississippi  Eiver 
Delta;  in  San  Francisco  Bay;  at  the  Columbia  Eiver  entrance;  and  at  other  localities  where 
changes  have  taken  x>lace  in  the  course  or  direction  of  the  channels.  The  amounts  stated  in  the 
estimates  barely  suffice  for  making  such  advances  in  the  work  as  would  keep  x>ace  with  the  rate  of 
development.  Along  the  great  inland  waters  of  Washington  Territory,  all  points  available  for 
commercial  purposes  have  already  attracted  the  attention  of  settlers. 

The  estimates  for  continuing  the  survey  of  the  Atlantic  and  Gulf  coast  of  the  United  States 
during  the  year  ending  June  30,  1880,  are  intended  to  provide  for  the  following  progress: 

Field-W'OUK. — To  continue  the  topography  of  the  western  shore  and  islands  of  Passama- 
quoddy  Bay  and  its  estuaries ;  to  complete  the  tox)ograx>hy  between  Penobscot  Bay  and  Narragua- 
gus  Bay,  and  that  of  the  shores  of  the  Penobscot  near  Bangor;  for  the  determination  of  heights 
at  some  of  the  principal  trigonometrical  x>oints  between  Boston  and  the  Saint  Croix,  and  of  coeffi¬ 
cients  of  refraction ;  to  comxdete  the  hydrograx)hy  between  Penobscot  Bay  and  Narraguagus  Bay, 
and  continue  soundings  in  the  comst  approaches  eastward  of  Petit  Manan  Island ;  to  continue  a 
topogTax)hical  and  hydrograx)hic  survey  of  Portsmouth  Harbor;  to  make  such  additional  triangu¬ 
lation  as  may  be  requisite  for  that  and  other  surveys  on  the  eastern  coast,  and  determine  the  posi¬ 
tion  of  new  light  houses  between  Eastport,  Me.,  and  New  York;  to  continue  soundings  along  the 
coast  of  Maine,  and  other  off-shore  hydrography  between  Cape  Cod  and  Manan,  and  make  siiecial 
examination  for  the  sailing  lines  for  charts;  to  continue  the  observations  of  sea  and  tidal  currents 
in  the  Gulf  of  Maine;  to  continue  tidal  observations,  and  to  make  such  astronomical  and  magnetfe 
observations  as  may  be  required ;  to  continue  such  topograx)hical  and  hydrographic  resurveys  of 
the  coast  between  Cax^e  Cod  and  New  York  as  may  be  found  necessary ;  to  continue  the  survey  of 
the  Connecticut  Eiver  from  its  mouth  up  to  Hartford;  to  make  such  examination  as  may  be 
required  in  New  York  Harbor,  and  such  surveys  in  its  vicinity  as  may  be  found  necessary,  includ¬ 
ing  the  continuation  of  the  tox>ographical  and  hydrogiaphic  resurvey  of  the  south  coast  of  Long 
Island ;  to  make  along  this  itari  of  the  coast  observations  on  tides  and  currents ;  tc  extend  the 
plane-table  survey  of  the  Hudson  Eiver  above  PeekskiU ;  to  continue  the  triangulation  between 
the  Hudson  Eiver  and  Lake  Champlain ;  to  make  the  requisite  astronomical  observations ;.  to  con¬ 
tinue  the  tox>ograx>hical  and  hydrograx)hic  resurveys  of  the  coast  of  New  Jersey,  and  of  Delaware 
Bay  and  Eiver;  to  connect  the  Atlantic  coast  triangulation  with  that  of  Chesapeake  Bay,  near  the 
boundary  line  between  Maryland  and  Virginia;  to  complete  the  detailed  survey  of  James  Eiver, 
Ya.,  including  the  hydrograxihy,  and  continue  the  plane-table  survey  of  the  Potomac  Eiver;  to 
continue  southward  the  main  triangulation  from  the  Atlanta  base  to  the  Mississippi  Eiver  at  or 
near  IVIemphis,  including  astronomical  and  magnetic  observations ;  to  continue  the  suxiplementary 
hydrogiaxjhy  between  Cape  Ilenlopen,  Del.,  and  Cape  Henry,  Ya.,  and  in  Chesapeake  Bay,  and 
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also  the  tidal  observations ;  to  measure  base  lines  of  verification  and  determine  azimuths  for  the 
coast  triangnlation  south  of  Cape  Lookout ;  to  make  the  astronomical  and  magnetic  observations 
requisite;  to  continue  the  off-shore  hydrography  between  Cape  Henry  and  Cape  Fear;  to  complete 
the  hydrography  of  Pamplico  Sound  and  its  rivers,  and  that  of  Bogue  Sound,  and  sound  the 
entrance  to  Cape  Fear  Eiver,  and  continue  the  adjacent  topography;  to  continue  the  topographical 
and  hydrographic  survey  of  rivers  near  the  coaet  of  South  Carolina  and  Georgia ;  to  determine 
azimuths  for  the  triangulation  of  the  coast  of  South  Carolina  and  Georgia;  to  continue  the 
detailed  survey  of  the  sea  islands  and  water  passages  between  Charleston  and  Savannah,  and  to 
make  tidal  observations ;  to  continue  the  off-shore  hydrography  between  Cape  Fear,  N.  C.,  and  the 
Saint  John^s  Kiver,  Fla. ;  to  continue  southward  from  Cape  Malabar,  near  latitude  28^  north,  the 
triangnlation,  topography,  and  hydrography  of  the  eastern  coast  of  Florida,  including  Indian 
Eiver;  to  continue  the  triangnlation,  topography,  and  hydrography  of  the  Saint  John’s  Kiver;  to 
make  the  requisite  astronomical  observations ;  to  continue  hydrography  off  the  eastern  coast  of 
Florida  from  Cape  Caffaveral  to  the  southward;  to  continue  soundings  and  observations  for  deep- 
sea  temperatures,  currents,  and  dredgings  in  such  parts  of  the  Gulf  Stream  northward  of  the  lati¬ 
tude  and  eastward  of  the  meridian  of  Cape  Florida  as  may  be  deemed  advisable,  and  also  in  the 
Caribbean  Sea,  and  within  the  same  limits  such  as  may  be  considered  advantageous  in  conjunction 
with  the  United  States  Commission  on  Fish  and  Fisheries;  to  continue  the  astronomical  and  mag¬ 
netic  observations  requisite  betw^een  Cape  Florida  and  Pensacola ;  to  complete  the  hydrography  of 
Charlotte  Harbor,  and  continue  the  triangulation,  topography,  and  hydrography  of  the  western 
coast  of  Florida  between  Cedar  Keys  and  Tampa  Bay,  and  between  Tampa  Bay  and  Charlotte 
Harbor;  to  continue  the  same  classes  of  work  to  the  southward  of  Charlotte  Harbor;  to  run  lines 
of  soundings  and  dredging,  and  make  observations  of  sea-temperatures  in  the  Gulf  of  Mexico, 
and  develop  the  hydrography  of  the  Gulf  coast  included  in  field  oi)erations;  to  connect  the  trigo¬ 
nometrical  survey  of  the  Mississippi  River  at  New  Orleans  with  that  of  Lake  Borgne  and  Lakes 
Pontchartrain  and  Maurepas,  and  of  the  Mississippi  River  above  New'  Orleans  to  the  head  of  ship 
navigation ;  to  determine  geographical  positions,  and  make  the  astronomical  and  magnetic  obser¬ 
vations  requisite ;  to  extend  the  triangulation,  topography,  and  hydrography  of  the  coast  of  Louis¬ 
iana  westward  of  the  Mississippi  Delta,  and  continue  the  hydrography  of  the  Gulf  of  Mexico 
between  the  mouth  of  the  Mississippi  and  Galveston,  Tex.;  to  continue  the  triangulation,  topog¬ 
raphy,  and  hydrography  of  the  coast  of  Texas  westward  between  Sabine  Pass  and  Galveston,  and 
between  Corpus  Christi  and  the  Rio  Grande ;  to  measure  a  base  line  of  verification,  and  make  the 
astronomical  and  magnetic  observations  requisite  between  Sabine  Pass  and  the  Rio  Grande;  to 
continue  the  hydrograi)hy  of  the  approaches  to  the  coast  of  Texas ;  to  continue  the  triangnlation 
connecting  the  surveys  of  the  Atlantic  and  Pacific  coasts  and  to  funiish  points  for  State  surveys; 
to  continue  the  determination  of  the  positions  of  new  light  houses  and  life-saving  stations  along 
the  coast  between  New  York  and  the  Rio  Grande;  to  continue  the  field  work  for  the  verification  of 
data  for  the  Coast  Pilot;  to  continue  the  organized  system  of  magnetic  observations  required  for 
a  complete  magnetic  survey,  and  to  run  lines  of  levels  connecting  points  in  the  main  triangulations 
with  the  sea  level. 

Office  work. — To  continue  the  deduction  of  results  by  computation  from  the  field  operations 
along  the  Atlantic  and  Gulf  coasts,  and  in  connection  with  interior  geodetic  surveys,  including 
astronomical,  geographical,  magnetic,  spirit-leveling,  and  tidal  work;  to  advance  the  publication 
of  the  Coast  Pilot  for  the  Atlantic  and  Gulf  coasts;  to  prepare  the  predictions  of  tides  for  1880  for 
the  same;  to  continue  the  publication  of  original  topographic  maps  and  reductions  thereof,  and  to 
plot  the  hydrographic  surveys;  to  make  additions  to  the  drawings  of  sailing  charts  A  from  Cape 
Sable  to  Cape  Hatteras,  and  of  Nos.  I  and  II,  Cape  Sable  to  Sandy  Hook,  and  Nantucket  to  Cape  Hat- 
teras;  to  continue  the  drawing  and  engraving  of  the  general  chart  of  the  coast  from  Quoddy  Head 
to  Cajie  Cod,  and  to  complete  the  engraving  of  the  w^estern  part  of  this  chart;  to  begin  the  drawing 
of  coast  charts  Nos.  1  and  2  from  Saint  Croix  River  to  Petit  Manan  Light-House;  to  continue  the 
drawing  and  engraving  of  coast  charts  Nos.  3  and  4,  including  Frenchman’s  Bay  and  Penobscot 
Bay,  and  to  finish  the  drawing  of  the  first  named  of  these  charts;  to  begin  the  engraving  of  the 
harbor  charts  of  Passamaquoddy  Bay  and  of  Machias  and  Englishman’s  Bays;  to  continue  that  of 
Eastport  Harbor  and  Cobscook  Bay;  to  complete  the  drawing  and  continue  the  engraving  of  the 
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harbor  charts  of  Frenchman’s  Bay  and  Somes  Sound,  and  of  the  charts  of  Blue  Hill  and  Union 
Kiver  Bays;  to  complete  the  drawing  of  the  harbor  charts  of  Eggemoggin  Beach,  Head  Harbor, 
and  Swan  Island  Harbor;  to  begin  the  drawing  and  engraving  of  the  chart  of  Xewburyport  Harbor 
(new  issue),  and  the  drawings  of  the  charts  of  Thames  Eiver,  New  London,  and  Norwich;  to  begin 
the  drawing  and  engraving  of  the  charts  of  the  Hudson  Biver  (new  issue)  from  New  York  to  Troy; 
to  complete  the  drawings  and  engravings  of  the  charts  of  Bockaway  Inlet,  Jamaica  Bay,  and  Fire 
Island  Inlet,  N.  Y.,  and  of  Barnegat  Inlet,  N.  J.,  and  the  drawing  and  engraving  of  the  chart  of 
Delaware  Biver,  showing  the  hydrographic  resurveys ;  to  continue  the  drawing  and  engraving  of 
coast  chart  No.  23  from  Absecoii  Inlet  to  Cai>e  May;  to  complete  the  engraving  of  the  chart  of 
James  Biver  from  the  entrance  up  to  City  Point  (in  three  plates),  and  the  drawing  and  engraving 
of  the  chart  of  the  same  river  from  City  Point  to  Bichmond ;  to  continue  the  drawing  and  engraving 
of  sailing  chart  B  from  Cai)e  Hatteras  to  Key  West;  to  continue  the  drawing  and  to  begin  the 
engraving  of  coast  charts  Nos.  45  and  4G,  from  Cape  Hatteras  to  Cape  Lookout;  to  continue  the 
drawing  of  coast  cliarts  Nos.  49  and  50  of  Cape  Fear  Biver  find  approaches ;  to  begin  the  engraving 
of  coast  charts  No.  47  to  53,  inclusive,  showing  the  coast  from  Cape  Lookout  to  Charleston;  to 
begin  the  engraving  of  the  general  coast  charts  Nos.  8  and  9  from  Saint  Mary’s  Biver  to  Cape 
Florida;  to  continue  the  engraving  of  the  chart  of  Saint  John’s  Biver  (in  three  plates);  to  com¬ 
plete  the  drawing  and  begin  the  engraving  of  coast  charts  Nos.  60  and  61  from  Halifax  Biver  to 
Cape  Canaveral;  to  finish  the  drawing  of  the  preliminary  charts  of  the  inside  passage  (Indian 
Biver)  to  Indian  Biver  Inlet;  to  begin  the  engraving  of  the  general  coast  charts  Nos.  11,  12,  14,  15, 
embracing  parts  of  the  coast  between  Key  West  and  Galveston;  to  complete  the  drawing  and 
engraving  of  the  chart  of  Tortugas  Harbor  and  to  continue  those  of  coast  chart  No.  75,  Charlotte 
Harbor;  to  complete  the  drawing  and  engraving  of  coast  chart  No.  77,  Tampa  Bay  and  approaches, 
and  the  engraving  of  the  harbor  chart  of  Tampa  Bay;  to  make  additions  of  hydrography^  to  the 
drawings  of  the  sailing  chart  of  the  Gulf  of  Mexico;  to  complete  the  engraving  of  coast  chart  No. 
79,  Cedar  Keys  and  vicinity;  to  begin  the  drawing  and  engraving  of  coast  chart  No.  80,  Cedar 
Keys  to  Appalachee  Bay;  to  continue  the  drawing  and  engraving  of  coast  charts  Nos.  81  and  82, 
Appalachee  Bay  to  Appalachicola  Bay;  to  begin  the  drawing  of  the  harbor  chart  of  approaches 
and  entrance  to  Suwauee  Biver,  and  to  complete  the  chai*t  of  Saint  Mark’s  Biver  (new  issue);  to 
make  additions  to  the  drawing  of  coast  chart  No.  83,  Saint  George’s  Sound  to  Saint  Joseph’s  Bay, 
and  to  continue  the  engraving  of  the  chart  of  Saint  George’s  Sound  (new  issue);  to  complete  the 
drawing  of  the  cUart  of  Saint  Andrew’s  Bay  (new  issue) ;  to  begin  the  engraving  of  coast  charts 
Nos.  84  and  85,  Cape  San  Bias  to  Santa  Bosa  Island;  to  complete  the  engraving  of  coast  chart  No. 
91,  Lakes  Borgne  and  Pontchartrain,  and  to  begin  that  of  coast  charts  Nos.  92  and  93,  Mississippi 
Sound  to  entrance  to  Mississippi  Biver;  to  complete  the  drawing  and  engraving  of  the  charts  of 
Barataria  Bay  entrance  and  of  Barataria  Bay  and  approaches;  to  make  such  additions  of  hydrog¬ 
raphy  and  topograx)hy  as  may  be  required  to  the  drawings  of  the  general  clmrts  of  the  Gulf  coast;  to 
begin  the  engraving  of  coast  chart  96,  Mississippi  Biver  to  Barataria  Bay,  and  to  complete  that  of 
coast  chart  No.  99,  Point  an  Fer  to  Atchafalaya  Bay;  to  continue  the  engraving  of  the  general  coast 
chart  No.  16  from  Galveston  to  the  Bio  Grande,  and  of  coast  chart  No.  104,  Galveston  Bay,  and  coast 
charts  Nos.  108, 109, 110,  Matagorda  Bay  to  Corpus  Christi  Bay ;  for  material  for  draw  ing,  engraving, 
map  printing,  for  electrotyxung,  and  xdiotographing,  and  for  instruments  and  axij)aratus. 

Total  for  the  Atlantic  and  Gulf  coasts,  involving  work  in  thirty-two  States  and  four  Territories, 
will  require  $395,000. 

The  estimates  for  continuing  the  survey  of  the  Pacific  coast  of  the  United  States  are  intended 
to  provide  for  the  following  ijrogress: 

Field  work.— To  make  the  requisite  observations  for  latitude,  longitude,  and  azimuth,  and 
the  magnetic  elements  at  stations  along  the  Pacific  coast  of  the  United  States;  to  continue  off¬ 
shore  soundings  along  the  coast  of  California,  Oregon,  and  Washington  Territory,  and  tidal  obser¬ 
vations  at  San  Francisco,  Port  Townshend,  and  at  such  other  localities  as  may  be  necessary;  to 
continue  the  main  coast  triangulation  from  Monterey  Bay  to  the  southward,  or  from  Point  Concep¬ 
cion  to  the  northward,  and  from  San  Pedro  towards  San  Diego,  including  the  islands  off  that  part 
of  the  coast;  to  continue  reconnaissance  for  the  main  triangulation  of  the  coast  from  San  Pedro  to 
Point  Concepcion,  from  Bussian  Biver  to  the  northward,  from  Columbia  Biver  north  to  Puget 
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Sound,  and  south  up  the  Willamette  Valley;  to  continue  the  primary  triangulation  through  the 
Sacramento  and  San  Joaquin  Valleys  and  measure  a  base  line;  to  continue  the  coast  triangulation 
and  topography  from  Newport,  Los  Angeles  County,  towards  San  Diego,  and  that  of  the  islands 
off  the  coast  of  California;  to  measure  a  base  line  and  continue  the  tertiary  triangiilation  and 
topography  of  the  coast  north  of  Point  Arguello,  towards  Point  Sal,  and  the  tertiary  triangulation 
and  topography  from  Point  Buchon  towards  San  Simeon;  to  continue  the  hydrography  between 
San  Diego  and  Monterey  Bay;  to  develop  the  hydrographic  changes  in  San  Francisco  Bay  and  its 
approaches;  continue  the  triangulation  and  topography  of  the  coast  between  Bodega  Bay  and 
Point  Arena;  complete  hydrography  between  Cape  Mendocino  and  the  Klamath  River,  <and  con¬ 
tinue  that  between  Cape  Sebastian  and  Point  Orford ;  to  observe  currents  along  the  coast  and  take 
soundings  and  temperature  observations  in  the  California  branch  of  the  Kuro-Siwo  current,  and 
execute  such  other  hydrographic  work  as  local  demands  may  require;  to  continue  tidal  and  current 
observations  at  the  Golden  Gate  and  observations  on  the  ocean  currents  along  the  coast  of  Cali¬ 
fornia;  to  continue  the  triangulation,  topography,  and  hydrography  of  the  Columbia  River;  to 
complete  the  detailed  survey  between  Cape  Sebastian  and  Crescent  City  and  oft*  shore  hydrogra¬ 
phy  at  Crescent  City  Reef;  to  measure  a  base  line  and  continue  the  triangulation  of  the  Strait  of 
Fuca  and  the  topograi)hy  and  hydrography  of  Puget  Sound  and  adjacent  waters;  to  continue  the 
triangiilation  eastward  to  connect  the  surveys  of  the  Pacific  and  Atlantic  coasts;  to  turnish  points 
for  State  surveys  and  measure  a  base  line;  to  continue  the  reconnaissance  of  the  coasts  and  islands 
of  Alaska,  with  observations  for  tides  and  currents,  and  to  make  the  requisite  astronomical  and 
magnetic  observations;  to  continue  the  field  work  for  the  description  of  the  coast  and  verification 
of  the  Coast  Pilot  of  the  coasts  of  California,  Oregon,  and  Washington  Territory;  to  continue  the 
organized  system  of  magnetic  observations  required  for  a  complete  magnetic  survey;  and  to  run 
lines  of  levels  connecting  points  in  the  main  triaugulations  with  the  sea  level. 

Office  work. — To  make  the  computations  of  the  field  observations,  including  astronomical, 
geodetic,  geographical,  magnetic,  and  tidal  work;  to  continue  the  compilation  of  the  Coast  Pilot  of 
the  coasts  of  California,  Oregon,  and  Washington  Territory,  and  continue  the  compilation  and  pub¬ 
lication  of  the  Coast  Pilot  of  Alaska;  to  prepare  tidal  predictions  for  1880;  to  continue  the  publi¬ 
cation  of  the  original  topographic  maps  and  the  reductions  thereof,  and  to  plot  the  hydrographic 
surveys;  to  continue  the  drawing  and  engraving  of  the  general  coast  chart  No.  1  from  San  Diego 
to  Santa  Monica,  and  to  continue  the  drawing  and  engraving  of  No.  2  from  Santa  Monica  to  Point 
Concepcion;  to  complete  the  drawings  of  the  lociil  harbor  charts  within  these -limits  as  the  mate¬ 
rial  becomes  available;  to  continue  the  drawing  and  engraving  of  the  general  coast  chart  No.  7, 
Point  Arenas  to  Cape  Mendocino;  to  continue  the  engraving  of  No.  8,  Point  Arenas  to  Saint 
George’s  Reef,  and  to  begin  that  of  No.  9,  Saint  George’s  Reef  to  Koos  Bay ;  to  begin  the  drawing 
of  general  coast  chart  No.  11,  Ca^scade  Head  to  Shoalwater  Bay;  to  continue  the  drawing  and 
eugraving  of  the  charts  of  Columbia  River,  of  Puget  and  Washington  Sounds,  with  their  adjacent 
waters;  to  continue  the  drawing  and  engraving  of  the  chart  of  the  northwestern  coast  from  the 
49th  parallel  to,  and  including,  the  Alaska  coast  and  islands  in  Behring  Sea;  for  materials  for 
drawing,  engraving,  and  map  printing;  for  electrotyping  and  photography;  and  for  instruments 
and  apparatus. 

Total  for  the  Pacific  coast,  involving  work  in  five  States  and  one  Territory,  will  require  $255,000. 

For  repairs  and  maintenance  of  the  complement  of  vessels  used  in  the  Coast  Survey  will 
require  $50,000. 

For  continuing  the  publication  of  the  observations  made  in  the  progress  of  the  Coast  Survey 
will  require  $10,000. 

For  general  expenses  of  all  the  work,  rent,  fuel;  for  transportation  of  instruments,  maps,  and 
charts,  miscellaneous  office  expenses;  and  for  the  purchase  of  new  instruments,  books,  maps,  and 
charts,  will  require  $38,600. 

S.  Ex.  13 - 2 
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OBITUARY. 

One  of  the  most  useful  members  of  the  Coast  Survey  Office,  Mr.  John  T.  Hoover,  died  in  the 
forty-fourth  year  of  his  age  of  rapid  pulmonary  decline  on  the  25th  of  May,  1H78.  Within  the 
fortnight  preceding  that  date  he  was  at  the  office  as  usual,  efficiently  discharging  duties  to  which 
he  had  been  long  accustomed. 

Mr.  Hoover  entered  the  service  in  boyhood,  and,  in  addition  to  native  industry  and  patience, 
brought  a  decided  aptitude  for  method  and  dispatch  in  office  details.  These  qualities  were  happily 
united  with  an  amiable  disposition  and  constant  readiness  to  further  the  interests  of  the  work. 
He  was  tliroughout  life  greatly  esteemed  by  a  large  circle  of  friends — in  the  church  where  he  was 
active,  in  leading  charitable  societies,  of  which  he  was  an  officer,  and  in  the  office  to  the  duties  of 
which  his  energies  were  devoted.  In  each  of  these  his  tact  and  facility  in  the  discharge  of  business 
were  cheerfully  made  effective  for  the  benefit  of  his  associates. 
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PART  IL 

The  distribution  of  the  field  and  hydrographic  parties  in  the  course  of  the  fiscal  year  ending  June 
30,  1878,  is  shown  in  tabular  form  in  Appendix  No.  1.  Following  the  order  in  which  the  parties 
are  therein  mentioned,  abstracts  will  now  be  given  of  reports  on  the  work  done  in  each  locality. 

Much  of  the  efficiency  in  the  service  depends  upon  means  of  transportation  and  accommoda¬ 
tion.  Eleven  steamers,  of  from  three  hundred  and  fifty  down  to  sixty  tons  burthen ;  eighteen 
schooners,  of  from  one  hundred  and  sixty-four  to  thirty  tons  burthen,  and  four  small  steam  launches 
have  been  employed  in  the  work  of  the  year.  In  the  ov^ersight  needful  for  keeping  all  the  vessels 
in  good  condition,  and  careful  supervision  of  the  estimates  for  outfit  and  repairs,  I  have  been  ably 
assisted  by  Commander  Edward  P.  Lull,  U.  S.  N.,  hydrographic  inspector  of  the  Coast  and  Geo¬ 
detic  Survey.  The  patient  application  of  that  accomplished  officer,  and  his  readiness  in  giving 
personal  attention  to  the  requirements  of  the  service  at  points  however  distant,  have  greatly  fur¬ 
thered  the  interests  and  success  of  the  survey. 

Lieut.  William  H.  Parker,  U.  S.  N.,  assisted  in  the  office  of  the  hydrographic  inspector  from 
August  13,  1877,  until  the  19th  of  June  of  the  present  year. 

On  the  28th  of  June,  1878,  Lieut.  Commander  Philip  H.  Cooper,  U.  S.  N.,  was  assigned  to  duty 
in  the  Coast  and  Geodetic  Survey.  This  report  was  then  closing,  but  arrangements  were  in  pro¬ 
gress  for  the  periodical  examination  of  depth  on  the  bars  of  harbors  along  the  Atlantic  coast. 
The  details  of  this  service  are  in  charge  of  Lieutenant-Commander  Cooper,  and  will  be  the  subject 
of  mention  in  my  next  annual  report. 

W.  H.  Mapes,  inspecting  engineer,  as  in  past  years,  renders,  under  the  direction  of  the  hydro- 
graphic  inspector,  faithful  service  in  the  supervision  of  repairs  and  of  alterations  when  requisite 
on  the  vessels  of  the  survey.  His  intelligence  and  care  in  the  execution  of  details  committed  to 
his  charge  evince  high  regard  for  the  best  interests  of  the  work. 

The  abstracts  which  follow  are  illustrated  by  the  several  progress  sketches,  as  numbered  in 
the  heading  of  each  of  the  sections.  The  general  progress  made  in  the  survey  is  shown  in  Sketch 
No.  1. 


SECTION  I. 

MAINE,  NEW  HAMPSHIRE,  VERMONT,  MASSACHUSETTS,  AND  RHODE  ISLAND.- (Sketches  Nos.  2  and  3.) 

Hydrography  of  the  coast  of  Maine. — The  approaches  of  the  coast  of  Maine  in  the  vicinity  of 
Mount  Desert  Island  have  been  sounded  by  a  party  in  chai'ge  of  Lieut.  J.  F.  Moser,  U.  S.  N.,  As¬ 
sistant  Coast  and  Geodetic  Survey,  working  with  the  steamer  Endeavor.  For  the  erection  and 
location  of  signals  the  vessel  left  Kockland  on  the  26th  of  June,  1877,  and  was  employed  in  that 
preliminary  work  until  the  5th  of  July,  when  soundings  were  begun.  Tidal  observations  were  at 
the  same  time  commenced  at  Bass  Harbor. 

The  hydrographic  work  was  frequently  interrupted  by  heavy  fogs,d)ut  unusually  good  weather 
prevailed  during  September  and  until  the  middle  of  October.  A  few  days  of  remarkably  clear 
weather  were  improved  by  running  from  Mount  Desert  Rock  three  radial  lines  northward  and  west¬ 
ward  to  connect  with  the  inshore  hydrography,  which  last-mentioned  work  was  extended  by  Lieu¬ 
tenant  Moser  from  the  vicinity  of  Schoodic  Point  to  the  limit  of  previous  operations  near  Isle  au 
Haut.  A  few  radial  lines  of  soundings  were  also  run  to  seaward  from  Mount  Desert  Rock.  In 
that  vicinity  the  steamer  Endeavor  was  repeatedly  run  in  different  directions  over  the  Columbia 
Ledge,  but  no  depth  of  less  than  four  fathoms  was  found. 

Near  the  shore  the  bottom  consists  of  rock,  but  ftirther  out  the  specimens  brought  up  in 
sounding  showed  stiff,  dark  clay,  with  small  broken  pieces  of  homblendic  rock. 

The  work  done  by  the  party  of  Lieutenant  Moser  developed  the  hydrography  coastwise  for  a 


Digitized  by  kjOOQle 


12 


KEPORT  OF  THE  SUPERINTENDENT  OF  THE 


distance  of  thirty  miles,  and  extending  ten  miles  to  seaward  outside  of  Mount  Desert  Island,  and 
outeide  of  otliers  to  the  eastward  of  Penobscot  entrance.  The  general  statistics  are : 

Miles  run  in  sounding .  .  1, 058 

Angles  measured .  4,884 

Number  of  soundings .  6, 410 

On  the  1st  of  November,  1877,  the  steamer  left  the  coast  of  Maine,  and  after  refitting  at  Nor¬ 
folk  was  emi)loyed  in  hydrograi)hic  work  in  Section  IV,  as  will  be  further  mentioned  under  that 
head. 

Lieutenant  Moser  was  assisted  during  the  season  by  Master  J.  B.  Murdock,  U.  S.  N.,  and 
Master  F.  E.  Greene,  U.  S.  N. 

While  working  southward  of  Mount  Desert,  Lieutenant  Moser’s  attention  was  called  to  the 
site  of  a  rock  between  Sutton’s  Island  and  Greut  Cranberry  Island.  After  due  search  the  danger 
was  found  about  midway  in  the  beating  channel  between  the  two  islands.  The  rock  is  small  at 
the  top,  and  has  on  it  only  seven  and  a  half  feet  at  mean  low  water.  Being  little  known  it  was 
marked  on  tlie  chart  as  Sperlin  Rock,  after  the  name  of  the  resident  of  Cranberry  Island  who 
made  known  particulars  which  aided  in  the  development. 

Late  in  June  a  ledge  was  developed  between  Pemaquid  Point  and  Monhegan  Island.  The 
least  water  found  was  seventeen  feet  on  what  seemed  to  be  the  pinnacle  of  a  rock. 

Topography  of  Skilling  River^  Me. — North  of  the  site  of  work  mentioned  under  the  preceding 
head,  the  topograjihical  survey  of  the  main  coast  has  been  advanced  in  the  vicinity  of  Skilling 
River,  one  of  the  estuaries  of  Frenchman’s  Bay.  For  this  work  Assistant  Charles  Hosmer  took 
the  field  in  the  middle  of  July,  1877.  The  weather  was  very  unfavorable,  but  in  the  course  of  six 
weeks  the  usual  margin  of  topographical  details  had  been  mapped  to  represent  the  shores  of  Par¬ 
tridge  Cove  and  Raccoon  Cove.  When  the  survey  was  well  in  hand  with  a  prospect  of  joining  to 
the  westward  with  plane-table  work,  which  will  be  noticed  presently,  Mr.  Hosmer  was  prostrated 
by  a  sudden  attack  of  illness,  and  in  consequence  the  field  party  was  discharged  at  the  end  of 
August.  Assistant  Hosmer,  as  soon  as  possible,  proceeded  to  his  home,  and  by  careful  treatment 
was  in  due  time  restored  to  his  accustomed  health.  The  statistics  of  the  work  done  by  him  in  this 


section  are : 

Miles  of  shore  line  surveyed . .  .  .  28 J 

Roads,  miles .  .  6 

Area  of  topograi)hy,  square  miles . . .  3 


In  the  spring  of  the  present  year  Assistant  Hosmer  again  took  the  field  for  service,  which  will 
be  noticed  in  this  report  under  the  head  of  Section  VIII. 

Topography  of  Blue  Hill  Bay^  Me. — For  continuing  the  survey  of  the  coast  of  Maine  to  the 
northward  and  westward  of  Mount  Desert  Island,  a  party  was  organized  to  work  under  the  charge 
of  Assistant  A.  W.  Longfellow,  and  took  the  field  on  the  22d  of  June,  1877.  Joining  at  the  western 
limit  of  the  sheet  projected  for  the  survey  of  this  season  with  i)laue-table  details  which  had  been 
mapped  in  a  previous  year  as  far  eastward  as  Blue  Hill  primary  station,  Mr.  Longfellow  surveyed 
the  north  shore  of  Blue  Hill  Bay,  and  extended  his  work  eastward  to  include  Newbury  Neck  and 
the  opposite  shore  of  Union  River  Bay.  The  north  end  of  Long  Island  also  appears  on  the  topo¬ 
graphical  sheet.  “The  general  character  of  the  topography  upon  the  north  shore  of  Blue  Hill  Bay 
is  a  rough,  wooded,  granite  hillside,  the  quarries  of  which  furnish  the  principal  industry  of  Blue 
Hill  Village.  These  quarries  supply  tp  the  government,  and  to  many  cities  of  the  Union,  an  excep¬ 
tionally  fine  quality  of  dressed  stone  for  public  buildings.”  The  small  islands  an<l  ledges  in  Blue 
Hill  Bay  are  represented  on  the  plane-table  sheet.  Field  work  was  closed  on  the  22d  of  September. 
The  following  are  the  general  statistics : 


Miles  of  shore  line  surveyed .  .  30 

Roads,  miles .  .  22 

Area  of  topography,  square  miles .  .  13 


Hydrography  of  Jericho  Bay  and.  Head  Harbor^  Me. — After  the  comi^letion  of  repairs  on  the 
schooner  Earnest,  Lieut.  J.  M.  Hawley,  U.  S.  N.,  Assistant  Coast  and  Geodetic  Survey,  sailed  with 
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his  party  from  Belfast  on  the  22d  of  May,  1877,  to  continue  the  hydrographic  work  southward  and 
eastward  of  Eggemoggin  Reach,  and  beyond  Naskeag  Point,  where  soundings  were  closed  last 
year.  In  the  course  of  a  week  the  requisite  signals  were  all  in  place,  and  tidal  observations  were 
in  progress.  Soundings  were  then  begun  in  Jericho  Bay,  and  the  weather  being  favorable,  the 
projection  was  filled  by  the  end  of  Juqe.  The  outer  limit  of  the  hydrograi)hic  sheet  includes  the 
shore  of  Swan  Island. 

Special  attention  was  given  by  Lieutenant  Hawley  to  the  development  of  rocks  and  shoals  in 
Jericho  Bay.  “  The  tides  in  the  bay  between  Deer  Isle  and  the  mainland  on  the  north,  and  Swan 
Island  on  the  south,  set  east  and  west,  the  flooil  setting  to  the  westward.  At  the  western  end  of 
Swan  Island  it  sweeps  around  towards  the  sea,  and  the  general  direction  of  the  set  being  northwest 
and  southeast,  the  tidal  current  is  strong  in  the  narrow  channels,  but  its  force  is  influenced  by  the 
wind.”  Among  the  dangers  determined  in  position  is  Thornbush  Ledge,  at  the  eastern  entrance  of 
Naskeag  Harbor. 

The  work  here  under  notice  wiis  done  with  the  steam  launch  Sagadahoc,  the  schooner  being 
used  for  quarters  at  her  anchorage  in  Naskeag  Harbor. 

On  the. 1st  of  July  the  schooner  Earnest  left  her  anchorage  and  i)roceeded  to  Isle  au  Haut,  but 
on  the  w'ay  a  tide  gauge  was  put  up  at  Green’s  Landing.  The  vessel  was  then  brought  to  anchor 
in  the  Thoroughfare,  and  a  party  was  organized,  in  charge  of  Master  G.  C.  Hanus,  U.  S.  N.,  to 
make  a  hydrographic  survey  of  Head  Harbor.  In  this  place,  at  the  south  end  of  Isle  au  Haut,  the 
schooner  Earnest  had  been  caught  by  a  heavy  southwest  gale,  and  cast  ashore,  as  mentioned  in  my 
report  of  last  year. 

The  party  detailed  for  the  survey  left  the  Thoroughfare  in  the  steam  launch  and  cutter  on  the 
5th  of  July,  and  completed  the  sounding  of  Head  Harbor  in  the  course  of  the  next  nine  days. 
Tidal  observations  were  continued  at  Head  Harbor,  Isle  au  Haut  Thoroughfare,  and  Green’s  Land¬ 
ing  while  the  soundings  were  in  progress.  The  work,  as  proved  by  the  experience  of  the  party  in 
the  preceding  season,  was  dangerous,  and  could  be  advanced  at  favorable  times  only  by  sounding 
in  the  cutter,  the  place  being  too  much  exposed  to  admit  of  working  with  the  steam  launch.  While 
prosecuting  the  soundings,  the  officers  and  men  were  accommodated  in  houses  along  the  shore  of 
Head  Harbor. 

After  completing  the  work  last  mentioned,  Lieutenant  Hawley  commenced  on  a  third  projection 
which  had  been  made  to  include  the  waters  between  Isle  au  Haut  and  Deer  Isle.  This  work  was 
vigorously  prosecuted  in  sections  by  two  parties  detailed  from  the  Earnest,  the  anchorage  of  which 
was  not  changed  until  the  7th  of  August,  when  the  vessel  was  rnoved  to  Green’s  Landing.  Dense 
fogs  were  frequent  in  August,  and  the  work  during  that  month  was  much  delayed.  The  southern 
half  of  the  hydrographic  sheet  was  however  filled  with  soundings  when  it  became  necessary  to  recall 
the  schooner  in  order  to  make  ready  for  her  transfer  to  the  Pacific  coast  under  i>revious  arrange¬ 
ments. 

Deer  Isle  Thoroughfare  and  the  adjacent  waters  were  sounded  by  the  llth  of  September,  when 
the  work  was  closed.  The  party  then  proceeded  to  Belfast,  and,  after  laying  up  the  steam  launch, 
sailed  for  Baltimore,  at  which  port  the  schooner  was  refitted  for  her  voyage  to  San  Francisco. 
Lieutenant  Hawley  transferred  the  command  of  the  Earnest  to  Sailing  Master  P.  G.  Letournau,  and 
himself  took  charge  of  the  schooner  Silliman  for  the  prosecution  of  work  which  will  be  mentioned 
under  the  head  of  Section  VI  in  this  report.  He  was  assisted  on  the  coast  of  Maine  by  Masters  G. 
C.  Hanus  and  A.  H.  Cobb,  U.  S.  N.,  and  by  Ensign  A.  Mertz,  U.  S.  N.  The  statistics  of  the  work 


done  by  the  party  in  Section  I  are : 

Miles  run  in  soundings  .  491 

Angles  measured .  4, 544 

Number  of  soundings . .  36, 667 


Tidal  observations. — The  series  of  tidal  and  meteorological  observations  commenced  at  North 
Haven,  in  Penobscot  Bay,  in  January,  1870,  has  been  steadily  maintained  during  the  last  fiscal 
year  by  Mr.  J.  G.  Spaulding.  The  self-registei  ing  gauge  is  furnished  with  heating  apparatus. 
Every  precaution  has  been  taken  to  avoid  breaks,  and  so  far  as  the  record  extends,  this  series  is  one 
of  the  most  perfect  among  the  tidal  records.  Occasionally,  when  of  necessity  the  apparatus  is 
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stopped  for  cleaning  or  repairs,  tbe  continuity  of  the  record  is  secured  by  frequent  staff  readings, 
as  at  other  stations. 

Since  the  year  1872  a  good  self- registering  tide  gauge  has  been  used  at  Providence,  E.  I.,  by  the 
city  engineer  in  making  local  improvements.  The  records,  up  to  the  close  of  the  year  1876,  have 
been  received  at  the  Office,  and  in  the  preliminary  discussion  there  is  promise  of  good  results. 
Excepting  for  the  record  paper  and  blank  forms  furnished  to  the  observer  at  Providence,  from  time 
to  time,  the  series  of  observations  at  that  j)ort  is  maintained  without  cost  to  the  government. 
In  due  time  the  records  will  prove  valuable  for  investigating  the  tides  of  Narragansett  Bay. 

Triangulation  in  Xeic  Hampshire. — On  the  13th  of  May  Prof.  E.  T.  Quimb}^  again  took  the  field, 
and  occuined  the  remainder  of  that  month  in  resetting  the  signals  needful  for  the  measurement  of 
horizontal  angles  from  the  summit  of  Gunstock  Mountain.  Early  in  June  the  theodolite  was  in 
adjustment  at  that  station,  and  as  soon  as  practicable  the  measurement  of  horizontal  angles  was  com¬ 
pleted  by  observing  on  signals  at  stations  Cardigan,  Bean  Hill,  Prospect,  Whiteface,  Trask,  Cata¬ 
mount,  and  Eattlesnake.  Near  the  middle  of  the  month  the  instruments  were  transferred  to 
Gilford,  and  fi*om  that  summit  most  of  the  signals  above  mentioned  were  also  observed  on,  previous 
to  the  20th  of  June,  at  which  date  field  oi)erations  were  closed  for  the  month. 

Professor  Quimby  will  again  take  up  the*trianguhition  in  July,  ami  prosecute  work  as  hereto¬ 
fore  during  the  summer.  Further  mention  of  the  progress  made  by  his  party  will  be  made  in  my 
next  annual  report. 

Triangulation  of  Boston  Upper  Harbor. — ^The  legislature  of  Massachusetts  having  provided  for 
a  resurvej^,  the  board  of  harbor  commissioners  of  Boston  made  request  for  the  detail  of  a  Coast 
Survey  observer  to  make  the  requisite  triangulatiou  for  establishing  points.  Assistant  Francis 
Blake,  Jr.,  was  assigned  for  the  service,  and  took  the  field  in  September,  1877. 

In  the  coast  triangulation  of  a  fornn*r  year,  one  of  the  stations  occupied  was  in  South  Boston. 
Mr.  Blake  found  the  ground  marks  of  that  station,  and  established  a  second  point  on  Powderhom 
Hill,  by  observing  with  the  theodolite  from  two  of  the  early  stations  in  the  vicinity  of  Waltham. 

After  connecting  the  line  from  South  Boston  to  Powderhom  with  the  general  coast  triangula¬ 
tion,  other  stations  were  chosen  for  the  special  survey,  and  were  occupied  in  succession.  Forty -one 
points  in  all  were  determined  in  position  for  the  topographical  work  contemplated  by  the  board  of 
harbor  commissioners.  Eight  other  positions  beyond  the  city  limits  were  established  and  marked 
with  granite  posts.  From  these  points  future  changes  in  the  harbor  lines  can  be  readily  traced  for 
comparison  with  the  results  of  the  local  survey  of  this  year.  At  several  of  the  stations  occupied, 
Mr.  Blake  observed  the  direction  of  subsidiary  objects,  for  the  use  of  the  city  engineers. 

The  results  of  the  work  done  by  the  triangulation  party  were  checked  by  a  base  line  measured 
by  Mr.  Edward  S.  Pilbrock,  engineer  in  charge  of  the  filling  of  part  of  South  Boston  Flats.  Assist¬ 
ant  Blake’s  determination  of  the  length  of  the  line,  by  computing  through  the  triangulation,  agrees 
within  less  than  half  an  inch  with  the  measurement  of  the  engineer. 


The  statistics  of  the  triangulation  are: 

Signals  erected .  23 

Stations  occupied . . .  . .  .  23 

Points  determined .  .  49 

Angles  measured ....  .  225 

Number  of  observations  . .  5, 868 


After  completing  the  computation  of  his  field  observations  and  furnishing  the  results  to  the 
harbor  commissioners  of  Boston,  Mr.  Blake,  under  a  necessity  which  then  arose  for  close  personal 
attention  to  private  aftairs,  to  my  great  regret  resigned  his  i)lace  in  the  survey.  He  had  rendered 
able  and  very  acceptable  service  during  a  period  of  twelve  years. 

Light  houses  determined  in  position. — With  the  requisite  instruments.  Assistant  G.  A.  Fairfield 
reached  Provincetown,  Mass.,  on  the  20th  of  August,  1877,  and  made  arrangements  for  determining 
in  position  all  the  light  houses  between  Wellfleet  and  IVIarblehead.  The  adjacent  stations  of  the 
primary  triangulation  were  visited  and  identified,  and  for  the  five  lights  on  Cape  Cod  Peninsula, 
angular  measurements  w  ere  subsequently  made  from  Mill  Hill,  Scargo,  Shootflying,  and  Manomet 
Hill. 
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At  Plymouth,  after  determining  in  position  the  light-house,  Mr.  Fairfield  measured  horizontal 
angles  for  marking  on  charts  the  Standish  Monument  and  the  monument  in  the  town,  both  of  which 
serve  as  leading  marks  in  approaching  the  harbor.  Passing  on  to  the  vicinity  of  Cohasset,  three 
stations  were  occupied  with  the  theodolite  for  ascertaining  the  exact  relative  position  of  the  light¬ 
house  on  Minot’s  Ledge.  The  marks  at  the  station  “  NanUisket^  which  ha<l  been  occupied  in  the 
survey  of  Boston  Harbor,  having  been  displaced,  were  renewed  by  Assistant  Fairfield. 

Adjacent  to  the  six  lights  in  the  neighborhood  of  Marblehead  three  station  points  were  iden¬ 
tified,  and  were  occupied  for  the  measurement  of  horizontal  angles  by  means  of  which  five  of  the 
aids  to  navigation  were  determined.  Marblehead  light  house  being  visible  from  only  one  of  the 
stations  was  of  necessity  occupied,  and  was  fixed  in  position  by  the  measurement  of  angles  oil  a 
signal  on  Coddin’s  Hill  and  Baker’s  Island  light  house. 

Mr.  Fairfield  concluded  field  work  on  the  24th  of  November.  The  statistics  are : 


Signals  erecfrd . . .  .  . .  .  8 

Stations  occupied . .  14 

Angles  measured . . . • .  53 

Points  determined  . . .  17 

Number  of  observations . • . .  1,010 


In  the  latter  part  of  the  fiscal  year  Assistant  Fairfield  was  assigned  to  field  service  for  the  de¬ 
termination  of  points  in  the  State  of  Illinois,  as  will  be  stated  in  further  detail  under  Section  XIV 
in  this  report. 

SEA  CURRENTS. 

The  general  scope  of  the  work  intended  oft*  the  coast  of  New  England,  and  for  which  provision 
had  been  made  in  the  construction  of  the  schooner  Drift,  was  mentioned  in  my  last  annual  report. 
The  work  had  then  been  commenced,  and  was  in  progress  at  the  eiid  of  the  fiscal  year.  Master 
Eobert  Platt,  U.  S.  N.,  successfully  recorded  current  observations  at  one  station  in  June,  1877,  the 
depth  being  sixty  fathoms  at  his  anchorage. 

The  second  position  chosen  for  the  vessel  was  in  thirty-five  fathoms  to  the  southward  and 
westward  of  George’s  Shoal  and  Cultivator  Shoal.  Good  observations  were  recorded,  though  the 
weather  was  bad,  with  high  winds  and  sea  and  frequent  fogs.  At  this  station  the  flood-tide  swell 
was  particularly  noticed,  making  up  at  each  flood  tide  and  running  down  on  the  ebb.  Northeast 
of  the  station  last  mentioned,  Master  Platt  found  a  spot  on  which  the  soundings  gave  only  eight 
fathoms.  The  shoal  spot  was  indicated  by  discolored  water.  Between  George’s  Shoal  and  Culti¬ 
vator  Shoal  the  Drift  was  brought  to  anchor  iu  sixteen  fathoms,  and  current  observations  were 
recorded.  The  tidal  swell  was  perceptible  at  this  station,  and  at  the  strength  of  the  flood  and  ebb 
tide  the  schooner  was  surrounded  with  strong  and  well-marked  tide  rips.  These  rips  disappeared 
on  the  turning  of  the  tide. 

The  fourth  current  station  was  occupied  about  fifteen  miles  to  the  eastward  of  George’s  Shoal. 
In  good  weather  the  schooner  was  anchored  in  thirty-two  fathoms,  and  an  excellent  series  of  ob¬ 
servations  was  recorded.  While  at  this  station  a  brig  was  noticed  to  be  trying  to  work  to  the 
northward,  but  remained  in  sight  during  thirty-six  hours,  having  lu. fortunately  tacked  again  and 
again  to  be  set  back  by  the  action  of  the  tidal  current.  The  direction  and  force  of  the  current 
being  known  on  board  the  Drift,  by  the  observations  then  iu  progress,  the  schooner  was  moved 
without  delay  a  distance  of  twenty-four  miles  to  this  station,  although  the  wind  was  directly  ahead. 

Near  the  northeast  edge  of  George’s  Bank  current  observations  were  recorded  successfully, 
and  also  at  a  sixth  station  ten  miles  south  of  Brown  Bank.  The  Drift  was  anchored  in  one  hun¬ 
dred  and  thirty-five  fathoms,  and  the  movement  of  the  water  at  the  surface  and  as  low  down  as 
seventy-five  fathoms  was  noted,  but  after  working  sixteen  hours  with  success  the  vessel  was  driven 
off  by  bad  weather.  Very  heavy  tide  rips  were  crossed  in  standing  to  the  westward,  and  gales 
were  frequent  in  the  latter  part  of  July. 

After  needful  repairs  at  Boston  the  Drift  resumed  work,  and  occupied  a  station  in  sixty-five 
fathoms  oft*  Cape  Sable.  The  operations  there  gave  good  results,  and  the  weather  was  favorable. 
The  last  position  in  which  the  vessel  anchored  was  on  the  north  side  of  Brown  Bank  in  fifty -two 
fathoms. 
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A  dense  fog  prevailed  while  the  observations  were  in  progress,  and  but  little  wind  until  the 
record  was  almost  complete,  when  the  work  was  closed  by  a  sudden  southeast  gale,  in  which  by 
the  parting  of  her  hawser  the  anchor  of  the  Drift  was  lost. 

In  returning  toward  Boston,  breakers  were  frequently  noticed  where  the  depth  was  found  to 
be  upwards  of  one  hundred  fathoms.  These  proved  to  be  very  heavy  tide  rips,  and  so  prevail 
where  they  were  observed  as  to  warrant  their  insertion  on  charts  of  the  approaches  to  Massachu¬ 
setts  Bay.  Some  of  the  rips  are  twenty  and  others  as  much  as  forty  miles  long  and  at  least  ten 
miles  wide.  Sometimes  they  resemble  shoal  water,  or  breakers  ahead,  and  the  report  of  Master 
Platt  states  that  strangers  coming  on  them  without  notice  at  night  would  be  greatly  perplexed. 
His  own  experience  is  thus  expressed:  ‘^We  drifted  along  with  the  current,  where  the  depth  was 
one  hundred  and  seventeen  fathoms,  until  we  came  into  these  breakers,  and  found  only  a  very 
heavy  tide  rip;  the  sea  so  high  and  combing  that  we  had  to  reduce  all  sail;  three  reef  the  mainsail 
and  haul  the  boom  well  off  to  keep  from  rolling  our  mast  out.^ 

At  intervals  across  the  entrance  of  Massachusetts  Bay  five  current  stations  were  occupied 
between  Cape  Ann  and  Cape  Cod,  and  three  others  to  the  eastward  and  along  the  south  coast  of 
Cape  Cod.  In  six  positions  while  the  schooner  was  at  anchor  the  force  and  direction  of  the  cur¬ 
rents  were  determined  for  a  depth  of  thirty  fathoms;  at  fifteen  stations  the  observations  were  made 
for  a  depth  of  ten  fathoms,  and  at  nine  stations  the  surface  currents  were  determined.  Tempera¬ 
ture  observations  were  recorded  at  the  same  time,  and  the  density  of  the  water  was  tested'by  about 
three  hundred  observations.  The  general  statistics  of  the  work  are : 


Sextant  observations  for  position .  .  344 

Temperature  observations  . .  .  . .  .  . .  843 

Current  observations  . .  .  7, 032 


This  work  was  concluded  late  in  October.  The  vessel  then  passed  southward  by  way  of  New 
York,  and  reached  Norfolk  on  the  6th  of  November,  and  was  laid  up  during  the  winter.  Master 
Platt  was  assisted  in  the  work  in  this  section  by  Ensign  J.  P.  Underwood,  U.  S.  N. 

From  the  observations  mentioned  under  this  head,  Assistant  Henry  Mitchell,  under  whose  imme¬ 
diate  direction  the  details  of  the  work  were  prosecuted,  deduced  general  rules  for  the  guidance  of 
mariners  in  crossing  the  Gulf  of  Maine.  These  rules  will  enable  navigators  who  observe  them  to 
avoid  George’s  Shoal,  and  will  greatly  assist  them  in  beating  against  a  head  wind  between  Cape 
Cod  and  Cape  Sable.  The  rules  have  been  issued  as  a  printed  notice  to  mariners,  together  with  a 
sketch  showing  the  positions  of  the  extended  tide  rips  to  which  reference  has  already  been  made. 


SECTION  II. 


CONNECTICUT,  NEW  YORK,  NEW  JERSEY,  PENNSYLVANIA,  AND  DELAWARE.— (Sketches  Nos.  4  and  5.) 

Survey  of  Ducic  Island  Harbor^  Conn. — This  survey  was  made  by  Subassistant  Joseph  Herges- 
heimer,  who  measured  a  suitable  base  line  on  the  beacdi  and  traced  the  shore  lines  Jn  the  latter 
part  of  June,  1877.  The  soumfings  were  made  in  the  following  month,  and  show  the  character  of 
bottom  and  depths  in  the  harbor  between  Menunketesuck  Point  and  Hammond  Point.  The  sta¬ 
tistics  are : 


Shore  line  traced,  miles 
Low- water  line,  miles  . . 

Roads,  miles . . 

Miles  run  in  sounding  . 

Angles  measured  - 

Number  of  soundings 


12 

8 

5 

93 
1,203 
8,  722 


Under  the  head  of  Sections  VI  and  YII  further  mention  will  be  made  of  field  work  executed 
by  Mr.  Hergesheimer. 

Topography  near  New  Haven,  Conn. — In  order  to  close  with  proper  limits  the  plane-table  work 
near  New  Haven,  Assistant  R.  M.  Bache  took  the  field  in  the  summer  of  1877  and  extended  the 
detailed  survey  north  and  west  of  the  points  which  had  been  previously  occupied.  To  the  usual 
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variety  of  detail  found  adjacent  to  the  city  the  sheet  of  this  year  adds  features  much  more  rugged 
than  any  represented  by  either  of  the  preceding  sheets.  The  statistics  are: 

Shore  line  of  streams,  miles . . . . . ’ . . . .  14 

Boads,  miles . .  - . .  23 

Area  of  topography,  square  miles .  5 


The  subsequent  field  work  of  Assistant  Bache  will  be  mentioned  under  the  head  of  Section  VI 
in  this  report. 

Survey  of  Rockaway  Inlet  and  vicinity^  V.  T. — A  resurvey  being  desirable  to  determine  the 
nature  and  extent  of  changes  in  shore  line  at  Rockaway  Beach,  on  the  south  shore  of  Long  Island, 
Assistant  J.  W.  Donn  was  detailed  for  service  and  took  the  field  early  in  July,  1877.  Along  the 
beach  all  the  triangulation  points  used  for  the  early  survey  had  been  washed  away.  From  points 
to  the  eastward  of  the  inlet,  determined  in  1875,  triangulation  was  therefore  extended  by  Mr.  Donn 
to  include  the  western  side  of  Jamaica  Bay  and  the  ground  between  the  bay  and  Coney  Island. 

As  soon  as  practicable  the  shore  lines  were  traced  by  means  of  the  plane  table.  Assistant 
Donn,  after  comparing  his  results  with  the  outline  shown  by  the  earlier  survey,  thus  remarks  in  his 
report  from  the  field :  ‘‘  In  the  bay  marshes  only  slight  changes  were  observable,  but  on  Rockaway 
Beach  and  at  the  south  end  of  Barren  Island  and  the  entrance  of  Dead  Horse  Inlet  there  was 
only  a  slight  resemblance  to  the  outlines  shown  by  the  original  work.  Great  changes  are  notice¬ 
able  after  every  heavy  easterly  storm.  The  extension  of  Rockaway  Beach  to  the  westward  is  at 
present  rapid  and  unceasing.  A  reconnaissance  of  the  whole  beach  from  the  inlet  to  Far  Rocka¬ 
way  showed  no  encroachment  of  the  sea  that  might,  by  effecting  an  opening  to  the  eastward,  check 
the  westerly  growth.  Eastward  of  Far  Rockaway,  at  the  distance  of  two  miles,  an  inlet  has  been 
formed,  which  is  rapidly  enlarging,  and  forms  an  additional  outlet  for  the  waters  in  the  western 
extremity  of  Great  South  Bay.  The  whole  configuration  of  the  shore  in  the  vicinity  of  Far  Rock¬ 
away  appears  greatly  changed  from  that  shown  by  the  early  survey.  West  of  Rockaway  Inlet 
remarkable  changes  have  occurred  in  the  line  of  the  islands  and  bays,  the  alterations  extending 
up  to  Gravesend  Bay.  From  Dead  Horse  Inlet  an  unbroken  beach  extends  to  the  western  extremity 
of  Coney  Island,  and  the  whole  shore  has  been  thrown  back  towards  the  main  land  half  the  width 
of  Sheepshead  Bay,  which  must  soon  be  obliterated  if  the  extension  of  Rockaway  Beach  continues.’^ 


The  statistics  of  the  field  work  are: 

Stations  occupied .  16 

Horizontal  angular  measurements .  1, 037 

Marsh  line  surveyed,  miles .  40 

Shore  line,  miles .  12 

Area  of  topography,  square  miles .  15 


Field  work  by  the  party  of  Assistant  Donn  was  completed  on  the  18th  of  October.  Further 
operations  by  the  same  party  in  this  quarter  will  be  mentioned  presently. 

Within  the  shore  lines  traced  by  Assistant  Donn  the  hydrography  was  carefully  executed  by 
Lieut.  Washburn  Maynard,  U.  S.  N.,  Assistant  Coast  and  Geodetic  Survey,  in  August,  September, 
and  October,  1877.  The  work  includes  Rockaway  Inlet  and  its  approach  from  the  southward,  and 
the  western  part  of  Jamaica  Bay  to  a  short  distance  above  Canarsie.  Big  Fishkill  channel  was 
taken  as  the  limit  of  soundings  to  the  eastward.  The  several  channels  between  it  and  the  western 
shore  of  the  bay  were  also  developed,  and  are  shown  on  the  chart  which  was  issued  by  photolitho¬ 
graphy  as  soon  as  practicable  after  the  completion  of  the  field  work. 

In  the  hydrographic  survey,  Lieutenant  Maynard  was  assisted  by  Masters  W.  F.  Low  and 
S.  H.  May.  The  work  was  done  in  the  steamer  Fathomer.  In  my  next  annual  report  mention  will 
be  made  of  the  progress  of  the  survey  to  the  eastward  of  Rockaway  Inlet.  The  statistics  of  the 


present  season  are: 

Miles  run  in  sounding . 244 

Angles  measured . . .  4, 576 

Number  of  soundings .  36, 604 


The  work  done  by  the  party  of  Lieutenant  Maynard  is  comprised  in  two  hydrographic  sheet 
S.  Ex.  13 . —3 
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Survey  of  Coney  Island^  K.  Y, — In  the  field  operations  of  last  year  the  triangulation  of  the 
south  coast  of  Long  Island  had  been  brought  as  far  eastward  as  Manhattan  Beach.  One  of  the 
stations  was  at  the  east  end  of  Coney  Island,  and  another  was  occupied  in  the  village  of  Gravesend. 
For  continuing  work  in  the  present  season,  Assistant  Bonn  found  and  reoccupied  two  of  the  sta¬ 
tions,  and  from  them  observ  ed  with  the  theodolite  on  a  number  of  cupolas  along  the  line  of  Coney 
Island.  Three  additional  stations  were  occupied,  including  Fort  Tompkins,  and  from  the  angular 
measurements  points  were  provided  for  the  plane-table  surv'ey.  The  topography  was  commenced 
on  the  1st  of  May  of  the  present  year.  Interruptions  were  frequent  by  wind,  rain,  and  fog. 

Each  feature,  natural  or  artificial,  is  shown  in  its  proper  position  on  the  plane-table  sheet  of 
Mr.  Bonn,  and  for  this  part  of  the  coast  of  Long  Island  the  sheet  is  an  excellent  standard  for  com¬ 
parison  with  future  surveys.  Of  the  changes  now  going  on  in  the  vicinity,  he  remarks:  “Sheeps- 
head  Bay  and  the  creek  connecting  it  with  Gravesend  Bay  are  rapidly  filling  up,  and  it  is  alto¬ 
gether  probable  that  Coney  Island  will  be  an  island  only  in  name  at  no  distant  day.” 

Field  work  in  the  vicinity  of  Coney  Island  was  completed  early  in  June.  The  following  are 
statistics: 

Coast  and  bay  shore  surveyed,  miles .  12 

Creeks,  miles . . . . .  10 

Eoads,  miles . . .  . .  18 

During  the  summer.  Assistant  Bonn  was'  engaged  in  Jamaica  Bay  in  the  prosecution  of  a 
survey  which  was  commenced  in  the  summer  of  1877.  Of  this  work  mention  will  be  made  in  my 
next  report. 

Pendulum  experiments, — After  careful  preparation.  Assistant  C.  S.  Peirce  arranged  the  pendu¬ 
lum,  which  he  had  previously  used  under  other  conditions,  to  swing  in  vacuo,  and  during  the  month 
of  September,  1877,  it  was  swung  at  various  pressures  with  the  heavy  end  down.  For  these  opera¬ 
tions  time  was  determined  before  and  after  experiments  with  the  pendulum. 

While  abroad  as  a  delegate  to  the  International  Geodetic  Association,  Mr.  Peirce  at  intervals 
made  comparisons  of  the  length  of  our  i)endulum  standard  with  that  of  the  Prussian  Geodetical 
Institute. 

In  November  tests  were  made  of  certain  scales  used  for  the  measurement  to  hundredths  of  a 
second  of  the  traces  on  chronograph  sheets,  the  aim  being  to  measure  the  chronograph  record 
without  estimations. 

The  pendulum  was  swung  in  December  with  the  heavy  end  up,  and  in  the  course  of  the  winter 
Assistant  Peirce  compared  all  the  micrometers  which  he  had  used  in  previous  experiments.  Sub¬ 
sequently  an  elaborate  series  of  measures  was  made  for  comparing  our  pendulum  meter  with  a 
German  meter. 

In  April  and  May  of  the  present  year  the  pendulum  was  swung  at  New  York  in  air  of  which 
the  temperature  was  about  100  degrees  Fahrenheit. 

Among  other  operations  conducted  this  season  were  experiments  for  the  coefficients  of  expan¬ 
sion  of  two  meter  bars  and  micrometer  tests  with  reference  to  the  spectrum  meter.  Additional 
observations  were  made  to  compare  the  statical  and  dynamical  flexures  of  the  stand  which  supports 
the  pendulum.  The  records  of  the  various  experiments  mentioned  in  this  abstract  are  contained 
in  twenty-six  volumes. 

Tidal  ohservations. — At  Governor’s  Island,  in  New  York  Harbor,  the  series  of  observations  with 
a  self-registering  tide  gauge  has  been  kept  up  by  Mr.  E.  T.  Bassett.  In  freezing  weather  the  diffi¬ 
culty  of  maintaining  a  continuous  record  has  been  met  by  applying  heated  water  to  kee])  the  work¬ 
ing  parts  of  the  apparatus  free  from  ice.  A  nineteen-year  cycle,  including  continuous  observations 
during  winter,  will  soon  be  completed  at  this  station.  The  record,  as  heretofore,  is  frequently 
resorted  to  by  local  engineers  for  adjusting  the  levels  proper  for  bridges,  wharves,  sewers,  dikes, 
and  harbor  improvements  generally.  For  comparison  with  the  results  at  Govenior’s  Island  the 
same  observer  occasionally  records  day  observations  at  Hamilton  Avenue  Ferry  wharf  in  Brooklyn. 

In  October,  1875,  a  well-furnished  self- registering  tide  gauge  was  established  at  Sandy  Hook 
on  one  of  the  wharves  of  the  New  Jersey  Southern  Eailroad,  and  was  i)ut  in  charge  of  Mr.  J.  W. 
Banford,  who,  having  charge  of  the  depot  and  the  direction  of  the  laborers  employed  about  the 
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place,  commands  all  the  facilities  requisite  for  keeping  the  apparatus  in  good  working  order.  The 
chief  officers  of  the  railroad  company  also  have  been  very  obliging,  and  by  their  favor  the  opera¬ 
tions  have  been  successfully  maintained.  Sometimes  the  water  is  quite  rough,  but  good  results 
have  been  secured  by  the  selection  of  a  screened  position  for  the  tide  gauge  and  by  carefully 
attending  to  its  condition.  The  movable  parts  of  the  apparatus  wear  rapidly  at  this  station,  but 
it  is  doubtless  the  only  point  at  which,  without  great  expense,  it  would  be  practicable  to  record  the 
tides  in  the  vicinity  of  Sandy  Hook.  The  registers  show  that  the  rise  and  fall  are  largely  affected 
by  winds,  especially  when  great  storms  are  prevailing  at  sea  off  the  coast  of  New  Jersey  and  Long 
Island. 

Topography  of  Hudson  River^  A.  Y. — The  party  of  Assistant  H.  L.  Whiting  was  organized  on 
the  13th  of  July  and  was  at  work  in  the  field  until  the  21st  of  November,  1877.  In  that  ioterval 
the  detailed  survey  of  the  eastern  side  of  Hudson  River  was  advanced  from  Croton  Landing 
upwards  to  Peekskill.  The  resulting  map  represents  about  nine  miles  of  the  river  side  as  measured 
by  its  general  course,  with  the  usual  margin  of  characteristic  topography,  the  numerous  intersect¬ 
ing  roads,  and  the  surface  features  of  the  ground  above  and  below  Verplanck’s  Point.  Between 
the  limits  of  the  work  of  this  season  the  scenery  on  the  west  side  of  the  river  is  among  the  most 
striking  that  the  topographer  is  called  upon  to  delineate.  Above  the  somewhat  abrupt  termina¬ 
tions  of  the  highlands  the  river  valley  again  assumes  the  softer  features  which  are  seen  about  New- 
burg  and  Fishkill.  Mr.  W.  C.  Hodgkins  aided  in  the  field  work  on  the  Hudson.  The  statistics 
are: 


Shore  line  surveyed,  miles  . 26 

Roads,  miles .  59 

Creeks  and  ponds,  miles . 26 

Area  of  topography,  square  miles . 


On  the  sheet  of  this  work  now  in  the  office  the  topographical  details  are  elaborated  with  great 
care. 

In  the  latter  part  of  the  fiscal  year  the  survey  of  the  banks  of  the  river  was  resumed  by  this 
party. 

Hudson  River  levels, — The  destruction  of  the  initial  bench  mark  established  near  Albany,  in 
1858,  in  connection  with  a  bneof  levels  for  refemng  the  tide  planes  of  the  river  at  Albany  to  those 
of  New  York  Harbor,  made  it  necessary  to  refer  the  Albany  station  to  a  bench-mark  below,  the 
identity  of  which  was  not  in  doubt.  This  involved  the  necessity  of  running  a  line  of  levels  from 
the  miter,  sill  of  canal  lock  No.  1,  at  Albany,  down  the  river  to  a  bench-mark  established  in  1858 
at  Stuyvesant.  The  distance  is  about  twenty  miles. 

The  leveling  was  intrusted  to  Assistant  O.  H.  Tittmann,  who  began  operations  on  the  15th  of 
December,  1877,  with  instruments  of  greater  nicety  of  construction  than  have  been  usually  employed 
for  such  purposes.  Subassistant  Andrew  Braid  and  Mr.  J.  B.  Baylor  assisted  in  the  work.  To 
insure  accuracy,  two  lines  were  run,  and  both  were  closed  on  the  bench-mark  at  Stuyvesant  on  the 
23d  of  December. 

In  the  work  here  noticed,  Lieut.  J.  H;  Willard,  U.  S.  Corps  of  Engineers,  effectively  co-operated 
with  and  assisted  the  party  of  Assistant  Tittmann. 

Primary  triangulation, — For  connecting  the  triangulation  of  the  valley  of  the  Hudson  with 
the  primary  work  of  the  coast,  two  additional  stations  have  been  occupied  by  Assistant  Kichard 
D.  Outts.  Early  in  Jutie,  1877,  the  instruments  which  had  been  used  in  the  preceding  season  were 
transferred  from  South  Adams,  and  were  set  up  on  the  summit  of  Mount  Tom,  in  Massachusetts. 
Heliotropes  were  at  the  same  time  stationed  on  Greylock  Mountain,  and  on  Moiuit  Monadnock.  By 
the  5th  of  July  the  angular  measurements  needful  at  Mount  Tom  were  completed,  and  as  soon  as 
practicable  the  party  and  instruments  were  in  readiness  for  observing  from  the  summit  of  Mount 
Equinox,  in  Vermont.  That  station  is  thirty-eight  hundred  and  forty-three  feet  above  mean 
tide.  In  consequence  of  the  decreased  temperature,  resulting  from  its  height  and  latitude,  the 
summit,  when  occupied,  was  enveloped  in  fog  for  nearly  half  the  number  of  days  when  the  air 
was  clear  a  thousand  feet  below  the  summit.  Assistant  Cutts,  however,  succeeded  in  observing  on 
the  heliotropes  which  he  had  previously  stationed  on  five  outlying  primary  stations.  Operations 


Digitized  by  i^ooQle 


20 


EEPOET  OF  THE  SUPEEINTENDENT  OP  THE 


on  Mount  Equinox  were  completed  by  the  5th  of  September.  The  camp  equipage  was  then  stored 
at  Factory  Point.  Accompanied  by  Mr.  C.  H.  Sinclair  as  aid,  Assistant  Cutts  next  visited  Mount 
Washington,  to  ascertain  what  point  on  that  summit  had  been  used  as  a  signal  while  angular  meas- 
jreinents  were  in  progress  in  the  triangulation  of  New  Hampshii'e.  As  the  summit  had  not  been 
occupied  with  the  theodolite  by  any  observer  of  the  Coast  Survey,  the  question  at  issue  was  to 
determine  whether  the  i^oint  observed  on  in  1851  and  1853,  firom  distant  stations  to  the  eastward, 
was  identical  with  the  signal  used  in  the  operations  of  1876.  After  careful  examination  and  due 
measurements  with  the  theodolite.  Assistant  Cutts  found  that  the  object  observed  on  in  the  last- 
mentioned  year  was  the  northeastern  chimney  of  the  new  hotel,  and  that  the  signal  formerly 
observed  on,  the  place  of  which  is  marked  by  a  copper  bolt,  was  fifty -four  yards  west  by  south 
from  the  chimney.  Exclusive  of  measurements  on  the  summit  of  Mount  Washington,  the  statistics 
of  the  triangulation  work  are : 


Stations  occupied . 2 

Angles  measured . . 9 

Number  of  observations . 620 


By  an  aggregate  of  two  hundred  observations  the  vertical  heights  of  eight  stations  were 
determined  in  the  course  of  the  season  by  angular  measurements. 

Pennsylvania  and  New  York  houndary  line. — A  joint  commission  of  three  members  from  each 
of  the  two  States  met  at  New  York  City  on  the  29th  of  May,  1877,  to  make  arrangements  for 
correcting  and  finally  marking  the  boundary  line,  which,  to  be  exact,  should,  at  all  points  between 
the  Delaware  Eiver  and  a  point  near  Lake  Erie,  correspond  with  the  42d  parallel  of  north  latitude. 
At  the  conference  it  was  agreed  that  the  line  should  be  traced  out  by  a  party  of  surveyors  in  the 
employ  of  the  joint  commission,  and  that  request  should  be  made  for  the  services  of  a  Coast  Survey 
observer  to  determine  the  latitude  at  each  of  four  points,  the  extremes  being  two  hundred  and 
fifty-three  miles  apart.  Subassistant  Edwin  Smith  was  detailed  for  the  work  desired,  and,  as  pi’e- 
viously  arranged,  he  reported  in  person  to  the  joint  commission  on  the  10th  of  July,  at  Hale’s 
Eddy,  which  is  very  near  the  eastern  end  of  the  boundary  line.  Mr.  J.  B.  Baylor,  of  the  Coast 
Survey,  accompanied  Mr.  Smith  to  aid  in  the  observations  for  latitude,  which  were  to  be  made  only 
at  points  specified  by  the  commission. 

At  the  eastern  end  the  initial  monuments  set  by  the  surveyors  in  1786  were  carefully  sought 
for,  but  without  success.  The  commissioners  therefore  went  some  miles  westward,  traced  back  to 
Hale’s  Eddy,  from  known  points  of  the  old  line,  and  erected  a  monument,  the  geographical  position 
of  which  in  latitude  and  longitude  was  determined  by  Subassistant  Smith  and  Mr.  Baylor  by 
observations  continued  through  ten  days  and  nights.  The  subsequent  computations  for  the 
latitude  of  that  monument  place  it  two  hundred  and  seventy-four  feet  north  of  the  42d  parallel. 
Similar  observations  for  latitude  were  made  at  Firm’s  station,  near  Great  Bend,  about  twenty  miles 
west  of  the  eastern  end  of  the  line.  The  results  for  latitude  show  that  the  old  boundary  there 
passes  three  hundred  and  forty-three  feet  south  of  the  42d  parallel.  At  this  station  the  marked 
stone  was  found  where  it  had  been  placed  in  1786. 

Fifty  miles  farther  westward  Burt  station  was  occupied  near  Wellsburg.  Latitude  was  deter¬ 
mined  at  a  position  indiQated  by  the  commission  as  on  the  old  boundary  line,  and  the  point  occupied 
by  the  instrument  was  found,  by  subsequent  computation,  to  be  seven  hundred  and  ninety-one  feet 
north  of  the  42d  parallel. 

The  fourth  station  (Clark’s)  is  within  a  mile  of  the  western  end  of  the  boundary  line.  Obser¬ 
vations  for  latitude  were  made  in  the  usual  way,  and  from  the  computations  it  appeared  that  the 
boundary,  as  traced  there  in  1786,  is  only  one  hundred  and  forty-nine  feet  north  of  the42d  parallel. 
The  near  agreement  between  determinations  made  with  the  best  instruments  in  the  summer  and 
autumn  of  1877,  and  results  found  in  1786  with  instruments  less  accurate  in  construction,  is 
remarkable. 

Tlie  four  stations  occupied  by  Subassistant  Smith  were  all  well  marked  by  brick  piers,  capped 
with  stones  that  may  be  easily  lettered.  At  each  of  the  piers  a  meridian  line  was  established. 

In  the  interval  of  two  months  preceding  the  10th  of  September,  when  the  field  work  was 
closed,  observations  had  been  successfully  recorded  on  twenty-five  nights.  The  records  of  the  four 
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stations  contain  two  liundred  and  twenty-three  observations  on  sixty-seven  pairs  of  stars  for  lati¬ 
tude.  Time  was  determined  on  seven  nights  by  fifty  observations  on  twenty-three  stars;  and 
observations  were  made  in  the  usual  way  on  Polaris  for  value  of  the  micrometer. 

At  Tra\is,  Burt,  and  Firm  the  longitude  was  determined  by  exchanging  signals  with  the 
Naval  Observatory  at  Washington.  Due  acknowledgment  of  the  service  rendered  for  the  purposes 
of  the  joint  boundary  commission  was  made  in  the  report  of  the  chairman,  Col.  James  Worrall. 

Geodetic  operations  in  New  Jersey. — At  the  outset  of  the  fiscal  year  Prof.  Edward  A.  Bowser 
was  yet  engaged  at  Mount  Rose  in  the  measurement  of  horizontal  angles  with  the  theodolite. 
After  completing  the  record  at  that  station  tlie  instrument  was  transferred  to  Pickles  station,  where 
the  measurements  were  resumed,  and  at  intervals  continued  until  the  close  of  the  calendar  year. 

Signals  were  observed  on  at  Mount  Horeb,  Goat  Hill,  Haycock,  Montana,  and  Mount  Olive ; 
and  observations  were  at  the  same  time  recorded  for  determining  the  positions  of  subsidiary  stations. 
Field  work  was  discontinued  during  the  latter  part  of  the  winter,  but  was  resumed  in  April,  and  was 
prosecuted  at  interv^als  until  the  close  of  the  fiscal  year.  The  statistics  will  be  given  in  my  next 
annual  report. 

Much  of  the  work  conducted  this  season  by  Professor  Bowser  involved  the  erection  of  signals 
and  their  adjustment,  and  the  posting  of  heliotropes  at  stations  too  distant  to  admit  of  the  use  of 
ordinary  signal  poles. 

Geodetie  survey. — In  previous  seasons  the  scheme  for  triangulation  in  Eastern  Pennsylvania 
was  brought  into  connection  with  stations  of  the  primary  work  north  of  Philadelphia.  To  the 
southward  and  westward  of  that  city  reconnaissance  had  been  made  with  a  v  iew  of  joining  also 
with  stations  of  the  primary  triangulation  which  crosses  the  head  of  Chesapeake  Bay,  but  for  the 
present  season  means  were  not  available  for  resuming  field  operations  until  near  the  close  of  the 
fiscal  year. 

Prof.  L.  M.  Haupt,  of  the  University  of  Pennsylvania,  reorganized  his  party  early  in  June. 
After  due  arrangements  a  station  was  selected  in  Chester  County,  and  by  tbe  use  of  night  signals 
directions  were  obtained  for  clearing  lines  of  sight  to  Principio  station,  near  the  head  of  Chesa¬ 
peake  Bay,  and  to  Meeting  House  Hill,  a  i)oint  to  the  westward  of  Wilmington,  in  Delaw  are.  At 
the  first-named  station  a  structure  sixty  feet  high  was  found  requisite  for  the  measurement  of  hori¬ 
zontal  angles.  That  station  and  those  adjacent  to  it  will  be  occupied  in  the  course  of  the  summer. 
At  the  close  of  the  fiscal  year  the  party  was  engaged  at  a  station  on  the  south  side  of  the  Lehigh, 
where  the  needful  angular  measurements  were  completed  for  joining  the  northern  part  of  the  scheme 
with  the  triangulation  of  New  Jersey. 

Latitude  and  longitude  of  Harrisburgj  Pa. — After  completing  work  which  has  been  noticed  under 
a  preceding  head,  and  before  returning  to  the  office,  Subassistant  Smith  stopped  at  Harrisburg, 
under  directions  to  make  observations  there  for  latitude  and  longitude.  Colonel  Worrall  imme¬ 
diately  conferred  with  the  governor  of  Pennsylvania  and  other  officials  at  the  State  capitol,  and  a 
point  for  observations  was  selected  near  the  southeastern  gate  of  the  capitol  grounds. 

Mr.  Smith,  aided  by  Mr.  Baylor,  commenced  observations  for  latitude  on  the  14th  of  Septem¬ 
ber,  and  in  the  course  of  six  nights  seventy-two  entries  were  mmle  in  the  record  on  sixteen  pairs 
of  stars.  On  five  nights  sixty-four  observations  were  made  on  thirty-three  jiairs  of  stars  for  chro¬ 
nometer  correction,  and  on  each  night  telegraphic  signals  w  ere  exchanged  with  the  Naval  Observa¬ 
tory  at  Washington  to  determine  the  difference  of  longitude  between  that  observatory  and  the 
point  of  observation  in  the  capitol  grounds.  At  the  same  place  observations  w  ere  made  on  sep¬ 
arate  days  by  Mr.  Baylor  for  magnetic  declination  and  intensity. 

The  point  at  which  observations  were  made  for  latitude  and  longitude  was  marked  by  a  fine 
sandstone  block,  and  another  was  set  as  a  meridian  mark  two  hundred  and  fifty-six  feet  north  of 
the  astronomical  station.  Determinations  for  geographical  position  were  referred  to  the  capitol 
dome  by  measuring  a  base  line  with  steel  tape  and  the  requisite  angles  w  ith  a  theodolite.  Mr. 
Smith  completed  the  computations  at  Harrisburg,  and  returned  to  the  office  on  the  1st  of  October 
to  engage  in  field  work  in  another  section. 

Special  survey  of  Philadelphia  Sarhor. — With  means  provided  by  the  city  authoriiies  this  work 
was  commenced  in  the  latter  part  of  October,  1877,  by  Assistant  S.  C.  McCorkle.  In  the  course  of 
a  fortnight  a  scheme  for  triangulation  was  developed,  signals  were  erected  without  delay,  and 
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observations  with  the  theodolite  were  begun  at  Girard  College  on  the  16th  of  Nov^ber.  From 
this  station,  lines  to  the  Commissioner’s  Hall  and  the  United  States  arsenal  had  been  previously 
determined,  and  upon  them  the  work  was  based  by  the  introduction  of  other  points.  These  sta¬ 
tions  were  occupied  in  succession  for  the  measurement  of  horizontal  angles,  and  the  weather  being 
favorable,  field  work  was  prosecuted  until  the  end  of  the  year.  Office  work  Wiis  prosecuted  during 
unfavorable  weather,  the  party  being  in  that  interval  disbanded. 

In  March  Mr.  McCorkle  again  took  the  field,  and  continued  the  determination  of  points  until 
the  22d  of  June.  The  provision  made  by  his  work  for  the  special  survey  includes  the  following 
statistics : 


Signals  erected . 35 

Stations  occupied . 35 

Positions  determined . . .  90 

Angles  measured . 603 

Number  of  observ^ations  . . . . . . .  8, 010 


The  stations  were  marked  by  sections  of  iron  pipe  upward  of  two  feet  long  and  four  and  a  half 
inches  in  diameter.  After  the  pipe  was  firmly  set  upright  the  signal  pole  was  inserted,  and  on  that 
the  angular  measurements  were  made.  In  the  course  of  the  summer  the  wharf  lines  of  the  city 
will  be  mapped  on  a  large  scale  by  Assistant  R.  M.  Bache,  his  surv  ey  being  based  on  points  de¬ 
termined  by  the  triangulation.  Further  notice  of  that  work  will  find  place  in  my  next  annual 
report,  to  which  it  properly  belongs.  The  triangulation  includes  points  on  both  sides  of  the  Dela¬ 
ware  at  Philadelphia,  and  also  stations  on  Windmill  Island  and  Petty’s  Island  in  the  river. 

The  physical  survey  needful  at  Philadelphia  was  placed  in  the  charge  of  Assistant  Henry 
Mitchell,  and  under  his  immediate  dire<ition  the  requisite  observations  were  made  by  Assistant 
H.  L.  Marindin.  These  were  so  arranged  as  to  develop  particular  information  in  regard  to  the 
tides  and  (jurrents  of  the  river,  especially  for  the  western  channel  between  Five  Mile  Point  and  the 
south  end  of  Petty’s  Island,  and  until  the  end  of  December,  1877,  the  operations  of  this  party  were 
confineil  within  the  limits  just  named.  Six  tide-gauges  were  erected  and  an  aggregate  of  upwards 
of  four  thousand  observations  was  recorded.  Twelve  bench-marks  were  made,  and  these  were 
referred  to  the  tide-stations  by  levelling.  At  five  stations  across  the  river  transverse  velocity- 
curves  were  determined,  and  eight  hundred  and  two  observations  on  the  currents  were  recorded. 
On  the  same  sections  one  thousand  six  hundred  and  twenty  soundings  were  made. 

In  work  connected  with  the  physical  surv^ey  Assistant  Marindin  occupied  eighteen  stations 
with  the  theodolite  and  erected  as  many  range  marks.  For  ascertaining  the  ])osition  of  current 
floats  six  hundred  and  forty-four  angles  were  measured  and  three  hundred  and  thirty-nine  others 
for  the  location  of  eight  measured  base  lines,  which  were  used  in  deducing  transv  erse  curves  of 
current  velocities.  From  the  observations  here  recapitulated,  result  twenty-seven  transverse 
curves  and  nine  vertical  curves,  illustrating  the  v’^elocity  of  the  water  at  and  below  the  surface  in 
the  section  of  the  Delaware  included  in  the  survej^.  The  work  w  as  resumed  in  May  last,  and  was 
yet  in  progress  at  the  end  of  the  flscal  year  when  this  report  was  closed. 

Light  houseH,  Delaware  Bay, — For  determining  the  eximt  positions  of  the  light  houses  in  Dela¬ 
ware  Bay,  Assistant  J.  A.  Sullivan  reached  Cape  May  in  the  middle  of  September,  1877,  and  sbon 
identified  the  station  “Higbee”  by  the  ground  marks  which  had  been  placed  wffien  that  point  was 
occupied  in  the  triangulation  of  the  coast  some  years  ago.  The  tower  at  Cape  Heulopen  having 
been  occupied  with  the  theodolite  at  the  same  period,  Mr.  Sullivan  adopted  as  a  base  for  his  work 
the  line  which  crosses  the  entrance  of  the  bay. 

The  observations  made  at  ‘‘  Higbee,”  Cape  Henlopen  light  house,  and  other  stations,  previous 
to  the  end  of  December,  aflbrd  data  for  the  positions  of  the  lights  at  Herefonl  Inlet,  Cape  May, 
Maurice  River,  Egg  Island,  Cross  Ledge,  Brandywine  Shoal,  and  Mispillion  Creek.  The  distance 
and  direction  from  the  old  light  house  of  the  new  light  house  at  Cape  May  w  ere  determined.  Cape 
Henlopen  beacon-light  and  Delaware  Breakwater  light  house  were  observed  from  Cape  May  and 
Cape  Heulopen.  The  new  stations  “Week’s  Landing”  and  “Tw^o  Mile  Beach”  were  determined  in 
order  to  check  the  position  of  Hereford  Inlet  light-house  as  derived  from  observations  made  there 
and  at  Cape  May.  While  making  this  test  the  opportunity  was  taken  to  determine  the  positions 
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of  spires  in  Qppe  May  City  and  at  Sea  Grove  and  the  life-saving  station-houses  No.  36  to  No.  40, 
inclusive. 

Between  Hereford  Inlet  and  Cape  May  the  additional  points  established  by  the  field  work  of 
this  season  give  ready  means  for  revising  the  shore  line  survey  of  that  quarter,  which  as  elsewhere 
on  the  coast  is  subject  to  change  by  the  action  of  the  sea.  • 

While  determining  angles  for  computing  the  positions  of  the  light  houses  mentioned  under  this 
head,  Mr.  Sullivan  recorded  eleven  hundred  and  forty-eight  observations  with  the  theodolite.  In 
the  summer  of  the  present  year  he  was  occupied  in  the  determination  of  points  west  of  the  Mis¬ 
sissippi,  of  which  further  mention  will  be  made  in  my  next  annual  report. 

SECTION  III. 

MARYLAND,  VIRGINIA,  AND  WEST  VIRGINIA.— (Sketches  Nos.  6  and  K) 

Topography  eastward  of  Norfolk^  Va, — In  continuation  of  the  survey  in  this  quarter,  Assistant 
C.  M.  Bache  resumed  work  on  the  21st  of  November,  1877,  and  prosecuted  the  detailed  plane-table 
survey  until  the  1st  of  June  of  the  present  year.  After  joining  properly  with  the  work  of  the 
previous  season,  Assistant  Bache  mapped  the  ground  intervening  between  it  and  Lynnhaven  Bay, 
and  also  extended  the  detailed  survey  towards  the  coast  in  the  vicinity  of  Cape  Henry.  Care  was 
taken  to  connect  properly  with  the  several  topographical  sheets  made  of  the  adjacent  features  in 


former  years.  The  statistics  are : 

Shore  line  surveyed,  miles.  . .  .  60 

Roads,  miles .  .  145 

Area  of  topography,  square  miles .  .  35 


At  the  end  of  the  fiscal  year  Assistant  Bache  made  preparation  for  resuming  plane-table  work 
in  Section  II. 

Tidal  observations, — By  the  voluntary  service  of  Mr.  W.  J.  Bodell,  who  has  other  employment 
at  FortrevSS  Monroe,  the  series  of  tidal  observations  has  been  continued  through  the  year  at  that 
station.  The  instrument  used  combines  the  latest  improvements,  and  the  clock  is  furnished  with 
a  balance  and  lever  escaj^ement,  that  form  having  been  found  less  liable  to  derangement  from 
occasional  jarring  at  the  wharf  than  the  pendulum  clock  which  was  at  first  used. 

The  float  boxes  and  other  wooden  fixtures  at  this  station  were  rapidly  destroyed  by  worms, 
and  when  copper  or  zinc  was  substituted  the  corrosion  was  such  as  to  render  their  use  expensive 
and  inconvenient.  During  the  present  year  tubes  of  wrought  iron  covered  with  enamel  have  been 
on  trial  at  this  station. 

Special  observations  in  Chesapeake  Bay. — During  the  months  of  August,  September,  and  October, 
1877,  Lieut.  Frederick  Collins,  U.  S.  N.,  Assistant  Coast  and  Geodetic  Survey,  with  the  schooner 
Palinurus,  was  engaged  in  a  series  of  observations  on  the  density  of  the  waters  of  Chesapeake  Bay 
and  its  more  important  estuaries.  Twenty-six  sections  were  made  between  the  head  of  the  bay  and 
the  capes,  on  which  an  aggregate  of  one  hundred  and  sixty-four  stations  were  occupied.  At  each 
station  specimens  of  the  \^ater  were  obtained  at  intervals  of  two  fathoms,  from  the  surface  downward 
to  the  bottom.  These  were  tested  with  delicate  hydrometers  for  density,  and  the  same  specimens 
were  sent  to  the  office  for  chemical  analysis.  In  all  five  hundred  and  seventy  specimens  were  thus 
obtained  and  tested. 

This  interesting  work  is  the  initial  step  towards  the  sytematic  examination  of  the  waters  of  all 
the  estuaries  that  penetrate  the  coast  of  the  Atlantic  within  the  limits  of  the  United  States.  The 
senice  of  the  party  in  the  Palinurus  has  been  of  a  preliminary  nature,  as  it  was  necessary  to  devise 
apparatus  suited  for  the  purpose,  and  to  determine  practically  the  best  methods  for  carrying  on 
the  work.  The  report  of  Lieutenant  Collins  (see  Appendix  No.  14,  Coast  Survey  Report  for  1877) 
gives  full  information  concerning  the  apparatus,  which  was  devised  by  Prof.  J.  E.  Hilgard,  for 
obtaining  specimens  of  water,  and  describes  the  methods  of  conducting  the  experiments.  It  is 
intend^  hereafter  to  connect  observations  of  tiunperature  and  currents  with  determinations  of 
density,  so  that  fiill  data  may  be  at  hand  for  the  solution  of  all  questions  that  may  arise  when  a 
study  of  the  results  is  undertaken. 

The  work  of  the  season  is  satisfactory,  as  showing  that  the  data  desired  can  be  obtained  readily. 
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Lieutenant  Collins  was  ably  assisted  in  the  operations  of  the  season  by  Master  ^rancis  Wins¬ 
low,  U.  S.  Under  other  heads  mention  will  be  made  of  the  subsequent  work  of  the  party  in 
the  Palin  unis. 

Potomac  River  freshet — In  order  to  place  on  record  for  convenient  reference  or  future  com¬ 
parisons  the  condition  of  the  Potomao  in  the  vicinity  of  Washington  during  the  great  freshet  of 
November  25  and  2G,  1877,  Mr.  Charles  Junken,  of  the  Coast  and  Geodetic  Survey  Office,  was 
detailed  to  determine  the  height  of  the  flood  above  the  plane  of  mean  high  tide  at  points  above  and 
below  Georgetown,  D.  C.  At  the  Chain  Bridge  the  water  reached  fully  up  to  the  level  of  the  top 
of  the  old  piers,  and  Mr.  Junken  found  that  the  rise  amounted  to  thirty-six  feet  above  the  level  of 
mean  high  tide.  At  Lockinills  the  rise  was  twenty-seven  feet;  at  the  Aqueduct,  thirteen  feet  nine 
inches ;  at  the  Philadelphia  Steamboat  Company’s  wharf,  Georgetown,  the  rise  was  ten  feet  seven 
inches;  at  the  Long  Bridge  it  was  six  feet  two  inches;  at  the  southwest  comer  of  the  Arsenal 
wharf  the  rise  was  five  feet  six  inches;  and  at  Alexandria  the  water  rose  three  feet  above  the  level 
of  mean  high  tide. 

During  a  storm  which  raged  in  Chesapeake  Bay  in  September,  1876,  the  water  at  Alexandria 
rose  four  feet  two  inches  above  mean  high-tide  level.  This,  the  greatest  rise  known  at  that  port, 
was  due  to  the  accumulation  of  water  in  the  estuary  of  the  Potomac  when  there  was  no  freshet  in 
the  river. 

Magnetic  ohservatiom, — At  the  magnetic  station  on  Capitol  Hill,  Washington,  D.  C.,  observa¬ 
tions  for  declination,  dip,  and  intensity  were  recorded  by  Assistant  Charles  A.  Schott  on  the  14th, 
15th,  and  17th  of  June,  1878.  Similar  observations  have  been  recorded  on  Capitol  Hill  in  June  of 
each  year  since  1856. 

The  results  found  this  year  confirm  what  had  been  noticed  in  regard  to  the  great  annual 
change  in  declination  at  Washington  and  at  places  along  the  Atlantic  coast.  During  the  same 
period  the  change  in  the  magnetic  dip  and  intensity  has  been  small. 

Lines  of  level. — Arrangements  have  been  completed  for  running  with  the  utmost  precision  a 
line  of  levels  from  the  Atlantic  coast  westward,  to  follow  as  nearly  as  practicable  along  the  thirty- 
ninth  parallel  of  latitude.  Instruments  for  the  i^urpose  were  devised  in  the  office  by  Assistant 
Hilgard,  and  under  his  direction  several  observers  have  been  trained  for  field  work.  Of  these  Sub¬ 
assistant  Edwin  Smith  was  detailed  to  prosecute  work  on  the  line  here  under  notice.  In  the  middle 
of  October,  1877,  he  started  on  a  reconnaissance  from  Hagerstown,  Md.,  but  finding  the  line  of  the 
National  Road  not  well  suited  for  the  intended  work,  ultimately  decided  that  the  line  should  be 
run  on  the  tow-path  of  the  Chesapeake  and  Ohio  Canal,  which  for  that  purpose  he  examined  as 
far  west  as  Cumberland. 

From  a  bench-mark  at  Hagerstown  the  work  was  started  on  the  22d  of  October  towards  Will¬ 
iamsport,  Md.,  following  of  necessity  the  turnpike  which  runs  between  those  towns.  The  country 
passed  over  by  the  levelling  party  is  hilly,  .and  owing  to  bad  weather  the  bench-mark  at  the  last- 
named  town  was  not  reached  until  the  9th  of  November,  but  under  more  favorable  conditions  the 
work  was  advanced  to  Cumberland  in  the  course  of  the  next  twelve  days.  On  the  22d  of  that 
month  the  party  was  transferred  to  Hancock,  but  several  days  of  rain  followed,  and  caused  the 
almost  uni)recedented  freshet  which  has  been  mentioned  under  a  preceding  head.  The  destruction 
of  property  was  great  in  the  vicinity  of  Hancock,  and  the  damage  to  the  canal  was  such  a.s  to 
make  it  imj)racticable  to  keep  on  with  the  level  operations.  Mr.  Smith,  in  consequence,  disbanded 
his  party,  and  returned  to  the  office  on  the  1st  of  December,  1877.  The  distance  run,  as  shown  by 
records  of  the  party,  in  levelling  in  both  directions  was  upwards  of  twenty-three  miles.  Throughout 
the  section,  which  is  about  ninety  miles  betw^een  Hagerstown  and  Cumberland,  it  is  proposed  to 
establish  primary  bench-marks  at  distances  averaging  six  miles.  Five  such  benches  were  estab¬ 
lished  by  Subassistant  Smith,  the  first  being  on  the  foundation  of  the  court-house  in  Hagerstown. 
The  second  mark  is  on  the  aqueduct  of  the  Chesapeake  and  Ohio  Canal  over  Conococheague 
Creek;  the  third,  on  the  abutment  of  dam  No.  5,  in  Potomac  Eiver;  the  fourth,  on  the  sixth  lock 
above  dam  No.  5;  and  the  fifth,  on  the  aqueduct  over  Licking  Creek. 

In  May  of  the  present  year  Subassistant  Andrew  Braid  was  detailed  to  continue  work  with 
the  level  in  going  westward  toward  Cumberland.  His  operations,  extending  through  the  summer 
and  beyond  the  close  of  the  fiscal  year,  will  be  stated  at  length  in  my  next  annual  rei)ort. 
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Primary  triatigukiiion. — Near  the  close  of  the  last  fiscal  year  Assistant  A.  T.  Mosman  was  at 
work  with  his  party  on  Cahas  Mountain,  about  fifty  miles  southwest  of  Lynchburg,  Va.  The 
measurements  needful  at  that  station  were  completed  on  the  18th  of  July,  1877.  As  usual,  sub¬ 
sidiary  objects  wwe  observed  on  in  addition  to  the  signals  at  primary  points.  The  height  of  the 
station  on  Cahas  Mountain  was  found  to  be  thirty-five  hundred  and  seventy  feet.  After  care¬ 
fully  marking  the  point  which  had  been  occupied  by  the  theodolite,  Mr.  Mosman  transferred  the 
party  to  Smith’s  Mountain,  on  the  south  side  of  Staunton  Eivor,  where  observations  were  com¬ 
menced  on  the  6th  of  August.  The  weather  following  that  date  was  rainy  or  foggy  for  weeks  at 
a  time,  with  rare  intervals  in  which  the  signals  could  be  seen  through  a  hazy  atmosphere.  In  con- 
setiuence,  the  requisite  observations  at  this  station  could  not  be  completed  until  the  middle  of  Sep¬ 
tember.  The  scheme  of  field  work,  including  also  subsidiary  points,  is  such  that  thirteen  triangles 
converge  at  Smith’s  Mountain,  and  of  these  the  thinl  angle  in  each  was  determined  by  the  observa¬ 
tions.  Assistant  Mosman  had  previously  occupied  the  southern  stations  of  the  quadrilateral, 
which  was  completed  by  the  operations  at  Cahas  and  Smith’s  Mountain.  Further  on  in  the  direc¬ 
tion  towards  the  Atlanta  base,  work  of  the  present  year,  which  will  be  referred  to  in  detail  pres¬ 
ently,  closes  the  chain  of  quadrilaterals  that  passes  southward  and  westward  from  stations  on  the 
Potomac  River,  near  Washington,  D.  C.  After  completing  the  observations  at  Smith’s  Mountain, 
Assistant  Mosman  stored  his  camp  fixtures  at  Aftou,  Va.,  to  be  in  preparation  for  developing  a 
chain  of  quadrilaterals  westward  from  the  line  joining  Humpback  and  Fork  stations.  His  party 
closed  operations  at  Smith’s  Mountain  on  the  21st  of  iSe})tember.  The  following  is  a  summary  of 
statistics : 


Primary  ,  stations  occupied .  2 

Angles  measured .  13 

Number  of  observations . 884 


For  ascertaining  the  value  of  the  level  and  of  the  micrometer  of  the  twenty-inch  theodolite 
No.  114,  which  was  used  in  the  work  of  this  season,  the  usual  observations  were  made. 

Mr.  W.  B.  Fairfield  aided  in  the  field  and  in  computing  from  the  records  of  the  triangulation.  * 
In  October  and  November  Mr.  Mosman  visited  tw'elve  primary  stations  in  Virginia  and  West 
Virginia,  going  westward  from  Staunton,  and  noted  in  the  vicinity  of  each  the  requisites  for  trans. 
portation  and  means  of  access  to  the  points  which  are  yet  to  be  occupied.  His  observations  on 
that  reconnaissance  include  preliminary  measures  of  the  angles  from  a  series  of  intervisible  sta¬ 
tions,  the  most  westward  of  which  are  within  forty  miles  of  the  Ohio  River.  In  the  latter  part  of 
April,  1878,  the  party  was  again  organized  for  occui>yiug  station  Uumpba(;k.  Signals  w  ere  erected 
for  starting  w^estw^ard  with  a  chain  of  quadrilaterals  from  a  line  of  the  series  w'hich  has  been  com¬ 
pleted  along  the  Blue  Ridge.  Humpback  Mountain  w^jis  qccupieil  in  May,  and  for  a  few  days  the 
prospect  w^as  fair  for  securing  horizontal  measurements  at  another  primary  sLition  previous  to  the 
close  of  the  fiscal  year.  But  snow’  fell  on  three  days  of  that  month,  and  this  period  was  followed 
by  ten  days,  during  which  the  sun  could  not  be  seen.  The  observations  needful  at  Humpback  w’ere, 
however,  completed  on  the  12th  of  June.  Assistant  Mosman  immediately  after  transferred  his 
I»arty  to  Elliott’s  Knob,  which  has  an  elevation  of  forty-four  hundred  and  fift^^  feet  above  the  sea, 
and  at  the  end  of  June  the  theodolite  and  a^stronomical  instruments  w'ere  in  ])osition  and  in  com¬ 
plete  readiness  for  commencing  observations. 

8  E  O  T  1  O  N  1  \ 


NORTH  C’AKOLINA.— (Skkriii  s  Nos.  7,  H,  and  0.) 

CooJtt  Pilot, — Early  in  June,  and  after  the  completion  of  similar  duty  oft’  the  coast  ot  Florida, 
as  will  be  stated  ]>resently  under  the  head  of  Section  VI,  Lieut.  Frederick  Collins,  U.  8.  N.,  Assistant 
Coast  and^Geodetic  Survey,  with  his  party  in  the  schooner  Palinurus,  commenced  an  examination  ot 
the  entrances,  inlets,  coast  features,  and  dangers  to  navigation  betw  een  Cape  Henry  and  Cape  Fear. 
Each  place  w'as  visited  in  succession,  and  notes  were  recorded  for  use  in  the  compilation  ot  the 
Coast  Pilot  of  this  section.  In  addition,  views  w’cre  drawn  by  Mr.  J.  K.  Barker,  of  the  following: 

8.  Ex.  13 - 4 
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— of  Cape  Fear  Kiver  and  entrances  (four  views);  of  Beaufort,  C.,  and  the  entrance  to  Core 
Sound  (two  views) ;  of  Morehead  City  and  the  entrance  to  Bogue  Sound ;  of  Cape  Lookout  and  of 
Ocracoke  Inlet  (two  views  each);  of  Hatteras  Inlet;  of  Cape  Hatteras  (three  views);  of  Bodie's 
Island  Light- House ;  of  Nag’s  Head,  and  of  Currituck  Beach  and  Light. 

Lieutenant  Collins  was  assisted  in  this  work  by  Masters  Francis  Winslow  and  U.  H.  Barroll, 
U.  S.  N„  and  also  in  the  previous  service  of  the  party,  of  which  notice  will  be  made  under  the  heail 
of  Section  VI. 

After  completing  the  examinations  on  the  coast  of  Virginia  and  North  Carolina,  the  Paliuurus 
sailed  for  Norfolk,  and  reached  that  port  on  the  25th  of  June. 

Life  saving  stations, — In  previous  years  the  life-saving  stations  of  the  coast  of  New  England 
and  of  the  Middle  States  have  been  determined  in  position,  and  marked  in  their  proper  places  on 
the  charts.  The  field  work  pertaining  to  this  service  has  been  performed  by  Assistant  F.  H. 
Cerdes,  who  resumed  operations  at  Cape  Henry  in  the  summer  of  1877.  Preliminary  information 
in  regard  to  the  stations,  and  means  of  passing  from  one  to  another,  was  furnished  as  heretofore 
by  Captain  Merryman.  Above  Hatteras,  Mr.  Gerdes  had  transportation  in  the  Cnited  States  rev¬ 
enue  sloop  Saville,  and  was  otherwise  aided  in  the  work  by  Lieut.  Walter  Walton.  By  continuous 
storms  in  September,  the  party  in  that  vessel  was  detained  seven  days  in  a  small  creek  on  Roanoke 
Island.  Above  Currituck  Light- House,  Assistant  Gerdes  reached  the  several  stations  in  succession 
by  passing  along  the  beach  in  carts.  Owing  to  restriction  in  the  means  allotted  for  the  operations 
of  the  year,  the  work  of  this  party  was  closed  above  Hatteras  Inlet,  but  as  soon  as  practicable  the 
measurements  will  ^be  resumed  at  ChickamiA)mico.  As  heretofore,  the  positions  of  the  life-sa\ing 
stations,  as  they  have  been  from  time  to  time  ascertained,  are  marked  on  the  original  topographical 
sheets. 

Assistant  Gerdes  was  temporarily  aided  in  the  field  by  Mr.  L.  C.  Kerr. 

Topography  of  Cape  Fear  Biverj  X,  C. — The  topographical  survey  of  the  banks  of  the  Cape 
Fear  River  was  resumed  by  Assistant  C.  T.  lardella,  in  the  middle  of  January  of  the  present  year. 
Previous  work  had  brought  the  survey  southward  to  Hawkins  Point  and  Saunders  l*oint,  and  from 
those  limits  the  plane-table  work  of  this  season  was  extended  along  both  shores  in  the  direction  of 
the  river  entrance.  On  the  western  side  the  detailed  survey  was  continued  back  to  the  main  road, 
which,  in  some  places,  is  upwards  of  four  miles  from  the  river  shore.  All  the  details  between  the 
east  bank  and  ]\[asonborough  and  Myrtle  Sounds  were  mapjied.  To  the  southward  the  field  work 
done  by  Assistant  lardella  includes  the  Cape  Fear  entrances  and  Sinith's  Island.  All  the  branches 
of  the  river  were  followed  a  few  miles  from  the  main  stream,  and  their  courses  are  shown  on  the 
plane-table  sheet. 

The  outline  of  Snow’s  Marshes,  as  show  n  by  this  survey,  reveals  i'onsiderable  alterations,  due 
probably  to  the  effect  of  the  sea  at  New  Inlet,  where  the  stone  dike,  w  hich  was  designed  to  close 
that  entrance,  had  sunk  in  the  quicksand.  The  marshes,  in  consequence,  liecame  exposed  to  the 
action  of  the  tide  and  the  swell  of  the  ocean. 

As  reported  by  Mr.  lardella,  Zeek’s  Island  has  increiised  ti»  the  southw  ard  and  eastwaixl.  The 
strip  of  beach,  on  which  a  base  line  w^as  measured  some  years  ago  for  the  triangulafion  of  Cape 
Fear  River,  has  been  nearly  washed  away.  At  the  north  end  of  the  base,  the  shore  line  is  now^ 
two  hundred  meters  west  of  the  point  occupied,  and  that  point  is  entirely  covered  by  w  ater.  As 
might  have  been  expected,  changes  equally  marked  w  ere  found  in  tracing  the  shores  of  Smith’s 
Island.  The  w  ork  was  concluded  at  the  end  of  June.  A  synopsis  from  the  field  report  shows  in 
statistics : 


Signals  erected . 

Shore  line  surveyed,  miles  . . . 

Roatls,  miles . 

Marsh  and  streams,  &c.,  miles 
Area,  in  square  miles . 


38 

30 

167 

178 

102 


Triangulation  in  Xorth  Carolina. — Early  in  July,  1877,  the  party  of  Assistant  C.  O.  Boutelle 
was  transferred  from  King’s  Mountain  to  Benffs  Mountain,  in  Burke  County,  North  Carolina. 
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Tliat  primary  station  is  twenty-nine  hundred  and  thirteen  feet  above  the  sea  level.  It  lies  at 
the  southeastern  extremity  of  the  South  Mountain  Range  and  commands  the  horizon  in  every 
direction.  The  Black  Mountains,  about  thirty-five  miles  distant,  are  the  highest  summits  of  the 
Appalachian  system,  the  most  elevated  being  sixty-seven  hundred  feet  above  the  sea. 

At  Benn\s  Mountain  the  instruments  <and  camp  fixtures  were  taken  to  a  position  below  the 
observing  station,  and  the  summit  was  reached -by  constructing  a  narrow-gauge  road,  over  which 
the  baggage  was  transported  in  a  mountain  cart.  Observations  were  commenced  on  the  20th  of 
July,  and  were  continued  until  the  25th  of  August.  Six  primary  and  three  secondary  signals  were 
observed  on  in  the  usual  manner.  The  nearest  signal  was  at  a  distance  of  upwaids  of  thirty-one 
miles;  the  most  distant  being  sixty  miles  from  the  observing  station.  Sixty-seven  prominent 
objects,  mostly  mountain  peaks,  were  observed  for  position  and  elevation.  Prof.  W.  C.  Kerr,  State 
geologist  of  North  Carolina,  visited  the  party  on  Benn’s  Mountain,  and  assisted  Mr.  Boutelle  in 
identifying  the  mountains  which  were  observed  upon  as  subsidiary  stations. 

Mr.  C.  A.  Ives  joined  the  party  at  this  station  and  served  as  aid  until  the  close  of  the  season. 

Early  in  September  Assistant  Boutelle  moved  the  party  to  Poore’s  Mountain,  in  Wilkes  County, 
North  Carolina.  At  this  station,  which  is  twenty-six  hundred  and  eighty-five  feet  above  the  sea, 
the  triangulation  from  the  Atlanta  base  line  meets  that  which  had  been  extended  in  an  opposite 
direction  from  the  Kent  Island  base  in  Chesapeake  Bay.  The  work  done  at  Poore’s  IMountaiu 
closes  a  chain  of  continuous  quadrilaterals  that  stretch  about  six  hundred  miles  between  the  two 
bases.  ^ 

As  usual  in  autumn  in. this  region,  observations  at  Poore’s  were  delayed  by  smoke;  but  the 
requisite  measurements  were  concluded  by  the  12th  of  October.  Five  primary  and  two  secondary 
stations  were  observed  in  series  as  usual  with  the  twenty-inch  theodolite.  The  most  distant  signal 
obser\  ed  on  was  sixty-five  miles  distant  from  the  summit  of  Poore’s  Mountain.  Exclusive  of  sta¬ 
tions  at  which  signals  were  placed,  seventy-nine  prominent  objects  were  observed  for  position  and 
height.  These  wei'e  chiefly  mountain  peaks,  in  the  identification  of  which  Professor  Kerr  assisted, 
as  he  had  done  at  Benn’s  Mountain.  Many  had  been  observed  on  from  the  station  last  named,  and 
thus  they  were  well  determined  in  position. 

At  Poore’s  ^lountain  experiments  were  inade  with  magnesium  lights  as  signals  for  the  meas¬ 
urements  of  horizontal  angles  at  night.  Two  of  the  lights  were  shown  from  stations,  one  of  which 
was  thirty-five  miles  and  the  other  fifty  eight  miles  distant.  Observations  upon  them  were  recorded 
as  in  the  day-time,  during  four  hours  on  the  night  of  October  9,  and  for  equal  periods  on  the  two 
nights  following.  The  magnesium  tape  was  delivered  at  the  rate  of  fifteen  inches  per  minute,  and 
burned  in  the  focus  of  an  eight-inch  paraboloid  reflector.  Both  of  the  night  signals  were  visible 
to  the  naked  eye  of  the  observer  on  Poore’s  Mountain  throughout  the  night,  showing  as  stars  of 
the  first  magnitude. 

After  completing  the  needful  observations,  Mr.  Boutelle  discharged  his  party  and  stored  the 
instniments  at  Statesville,  N.  C.,  to  await  the  amval  of  the  season  for  resuming  field  work,  of 
which  mention  will  be  made  in  this  report  under  the  head  of  Section  YIII. 

The  triangulation  which  was  closed  at  Poore’s  Mountain  has  occupied  the  party  of  Assistant 
Boutelle  for  an  average  of  seven  months  in  each  year  during  its  progress.  Forty  primary  stations 
have  been  occupied,  twenty-nine  by  Mr.  Boutelle,  and  eleven  by  Assistant  Mosman. 

In  the  course  of  the  winter,  computations  of  the  work  were  made  and  revised,  and  these,  with 
the  field  records  of  the  triangulation,  have  been  deposited  in  the  office. 

Messrs.  J.  B.  Boutelle  and  W.  B.  French  were  in  service  with  the  party  while  the  field  work 
wa.s  in  progress  in  this  section.  The  statistics  are : 


Stations  occupied . 2 

Angles  measured .  9 

Vertical  angles . . : . . . . .  16 

Number  of  observations . . . . .  2, 850 
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SEOTIOX  V. 

sorril  (\\KH)LTNA  AM)  (JK()lJf;iA.— (Ski: n  il  No.  UK) 

(Uutsi  hinh'o(inqth}i  of  South  CuyoVnia, —  For  oxtondiii^  insliorr  soiiii<liiig*s  soiitlnvard  IVom  tlio 
limits  of  jirevions  work,  laont.  »1.  F,  Moser,  T.  S.  N.,  Assistant  (’oast  and  (iomletie.  Survey,  left 
Norfolk  on  the  14th  of  January  last  with  his  party  in  tlie  steamer  Endeavor,  and,  after  some  delay 
in  consequence  of  bail  weather,  crossed  the  bar  of  Little  Fiver,  on  the  northeni  boundary  of  South 
Carolina.  In  previous  seasons  the  coast  hydrogi*aphy  had  been  carried  as  far  south  as  Tubbs  Inlet. 
By  the  work  of  this  season  it  has  been  extended  upwards  of  forty  miles  soiithwartl  and  westward 
to  Murrell’s  Inlet,  along  a  stretch  of  coast  so  little  traversed  that  one  of  the  tidal  observers  on  duty 
saw  no  person  pass  near  his  station  in  the  (*ourse  of  nineteen  days.  Two  stations  were  occupied 
while  soundings  were  in  progress,  and,  for  (Comparison,  observations  were  recorded  also  on  teinjmicary 
tide  gauges  set  as  near  the  outer  beach  as  possible. 

The  soundings  were  adjusted  by  means  of  large  signals  set  about  four  mU4\s  apart  on  the 
highest  sand  hills.  For  inshore*  work  two  small  signals  w(*r(*  ere<*ted  in  the  space's  between  large 
ones. 

.“The  inlets  betwee‘n  Little*,  Fiver  and  (lcorge*town  entrance  arc  all  practically  closed  eve*n  for 
the  smallest  V4*sse‘ls.  Between  Little  Rive'.r  Bar  and  Hinghdon  Swash  the  depth  increases  seawaid 
with  great  re'gulanty,  but  from  Singleton  Swash  to  Murreirs  Inlet  successive  ridges,  with  two  to 
six  feet  less  water  on  them  than  on  either  side,  appe^ar  to  run  nearly  parallel  to  the  coast.” 

Lieutenant  Moser’s  work  of  the  season  is  (*ontained  on  three  hydrographic  sheets,  two  of  which 
show  the  coast  soundings  to  a  distance  of  about  nine  miles  off  shore.  Little  River,  including  the 
bar  and  appipaches,  was  surveyed  and  represented  on  a  separate  sheet. 

Masters  A.  C.  Dillingham,  J.  B.  Murdock,  and  F.  E.  Greene,  U.  S.  N.,  assisted  in  the  hydro- 
graphic  work.  The  statistics  are; 


Miles  run  in  sounding . .  460 

Angles  measured .  .  1,  749 

Clumber  of  soundings . . .  11, 375 


The  work  w«as  continued  until  the  20th  of  April.  Lieutenant  Moser  then  proceeded  with  the 
steamer  to  Kew  York,  where  the  vessel  was  refitted  for  service  on  the  northeni  coast.  Work  pre¬ 
viously  done  by  the  party  within  the  past  fiscal  year  has  been  stated  under  the  head  of  Section  I 
in  this  report. 

Tid(tl  ohnervations.^Yor  the  use  of  the  engineer  officers  of  the  Army,  and  in  regard  to  projected 
im])rovements  in  the  channel  of  Savannah  RiVer,  a  self-registering  tide  gauge  was  refitted  at  the 
office  and  forwarded  to  Savannah  in  April.  Record  paper  and  forms  as  usual  were  supplied  for 
the  observer.  The  results  will  of  course  be  available  for  the  tidal  notes  on  the  river  chart 


SECTION  VI. 

HAST  FLORIDA,  SAINT  MARY’S  RIVER  TO  ANCLOTE  KEYS  ON  WEST  COAST.— (Skktches  Nos.  11, 12,  and  13.) 

Coast  Pilot, — After  the  prosecution  of  hydrographic  service,  which  has  been  mentioned  under 
the  head  of  Section  III,  Lieut.  Frederick  (3ollins,  U.  S.  N.,  Assistant  Coast  and  Geodetic  Surx’^ey,  with 
his  party  in  the  schooner  Palinurns,  sailed  from  Hampton  Roads  on  the  4th  of  January  to  resume  duty 
on  the  coast  of  Florida.  The  vessel  pa.ssed  southward  without  incident,  and  after  touching  at  Saint 
Augustine  left  that  poi*t  on  the  2d  of  March  with  a  w^esterly  breeze.  Descriptions  were  made  of 
tlfe  inlets  north  of  Cape  Cafiaveral  and  other  notes  as  material  for  the  Atlantic  Coast  Pilot.  After 
taking  view  s  of  the  vicinity  of  the  cape,  the  Palinurns  stood  out  on  the  evening  of  the  3d  in  order 
to  pass  noi  thward  of  the  Bahamas.  The  wind  was  then  fresh,  but  by  midnight  it  increased  to  a 
gale.  Next  morning  the  schooner  was  in  a  heavy,  confused  sea,  but  being  w^ell  managed  suffered 
no  damage  to  the  hull  or  spars,  although  the  sea  frequently  came  almard  and  drenched  everything 
below.  In  the  course  of  the  day  all  the  .sails  in  succession  were  .split  by  the  force  of  the  gale,  but 
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were  repaired  on  the  iustaut  as  far  as  practicable.  Lieutcuaut  Collins  made  for  a  lee  under  the 
I’eefs  of  Abaco  Island,  and  there  weathered  the  gale  during  the  night.  Unfortunately  the  morning 
oi)eued  with  a  storm  from  the  northeast.  The  position  of  the  schooner  was  dangerous,  and  to  avoid 
fiiriher  risk  with  damaged  sails  the  course  was  laid  for  Nassau,  where  the  mainsail,  foresail,  and 
jib  were  sent  ashore  for  repairs. 

On  presentation  by  the  United  States  <*onsnl,  the  governor-general  of  the  Bahamas  very  cordi¬ 
ally  recei  veil  Lieuteinint  Collins,  and  ofl*ere<l  all  assistance  that  might  be  needfid  in  refitting  the 
schooner. 

The  Paliuurus  sailed  from  Nassau  on  the  12th  of  March  and  stopiied  at  Elbow  Key  (Abatu) 
Island)  to  secure  a  view  of  the  light  house,  and  then  returned  and  came  through  the  Providence 
Channel,  where  views  were  made  of  Groat  Stirrup  Key,  Great  Isaac’s  Key,  the  Bernini  Islands,  and 
(Jnn  Key. 

The  party  arrived  off  Cape  Florida  on  the  16th,  and  a  view  was  taken  of  that  vicinity.  Pass¬ 
ing  southward  through  the  Hawk  Channel,  which  had  been  previously  examined  by  Lieutenant 
Bradbury,  some  views  of  important  landmarks  along  the  keys  were  added,  after  which  the  vessel 
proceeded  to  Key  West.  During  a  westerly  blow,  which  made  it  impracticable  to  start  as  intended 
for  theTortugas,  the  Paliuurus  was  injured  by  the  collision  of  a  large  steamer,  the  owuiers  of  which 
promptly  defrayed  the  expenditures  for  repairs. 

The  w'ork  of  the  season  comprises  full  notes  and  descriptions  by  Lieutenant  Collins  of  the  coast 
and  harbors  from  Fernandina  southw^ard  to  the  Dry  Tortugas,  and  includes  also  the  results  of  a 
careful  examination  of  the  Hawk  Channel,  from  Cape  Florida  to  Key  West,  inside  of  the  reefs, 
Between  the  same  limits  viev^s  have  been  drawn  of  every  prominent  landmark,  and  of  the  entrances 
of  each  important  harbor  and  inlet,  including  the  light  houses  in  the  Providence  Channel  through 
the  Bahama  Islands,  a  pass<age  much  used  by  our  coasting  vessels.  Views  w  ere  also  ma<le  of  Great 
Isaac’s  Light-House  from  the  westward,  of  the  Bernini  Islands,  of  Gun  Key,  and  of  Double  Headed 
Shot  Keys,  all  of  which  will  be  of  importance  to  vessels  when  working  through  the  Strait  of  Florida. 
The  sketches,  numbering  one  hundred  and  three  in  all,  w  ere  drawn  by  Mr.  d.  R.  Barker,  and  are 
vouched  for  by  Lieutenant  Collins  as  being  faithful  repi'esentations. 

In  the  course  of  the  season  the  party  of  Lieutenant  Collins  sailed  nearly  live  thousand  miles. 
The  weather  during  the  progress  of  the  work  was  unusually  bad,  and  was  the  cause  of  vexatious 
delays. 

Masters  Francis  Winslo\v  and  II.  11.  Barroll,  U.  S.  N.,  were  attached  to  the  party,  and  are 
warmly  commended  in  the  report  of  Lieutenant  Collins  for  their  cheeiful  and  efficient  aid  in  the 
operations. 

As  opportunities  offered,  observations  were  made  and  recorded  for  the  temperature  of  the 
water  at  the  surface,  and  also  for  its  density.  An  aggregate  of  tw  o  hundred  and  sixty-two  speci¬ 
mens  were  tested  for  si)eciflc  gravity  and  temperature,  and  these  include  four  sections  across  the 
Gnlf  Stream  oft’  the  coast  of  Florida. 

Having  successfully  accomplished  all  the  work  laid  out  for  the  party.  Lieutenant  Collins  sailed 
northward  in  the  Palinurus,  and  arrived  at  Norfolk,  Va.,  on  the  25th  of  June.  The  observations 
recorded  on  the  coast  between  Cape  Henry  and  Cape  Fear  have  been  mentioned  under  the  head  of 
Section  IV  in  this  report. 

Tidal  observations — With  a  self-registering  gauge  of  the  best  construction,  the  series  w  hich  was 
commenced  at  Fernandina,  Fla.,  in  March,  1877,  by  Mr.  H.  W.  Bache,  was  continued  at  that  station 
until  September.  The  observer  had  been  some  time  ill,  and  had  not  recovered  when  yellow  fever 
became  prevalent  at  Fernandina.  He  was  consequently  relieved,  but  returned  in  December  and 
resumed  observations.  The  meteorological  registers  are  kept  up  in  connection  with  records  of  the 
tides. 

Hydrography  easi^n  coast  of  Florida, — For  continuing  the  inshore  hydrography  from  Mosquito 
Inlet  southward  and  eastward  tow  ards  Cape  Canaveral,  the  steamer  Bache  left  Hampton  Roads  on 
the  26th  of  April,  and,  after  touching  at  Charleston,  S.  C.,  passed  on  without  incident  to  the  intended 
working  ground.  The  party  on  board  was  in  charge  of  Lieut.  Commander  C.  M.  Chester,  U.  S.  N., 
Assistant  Coast  and  Geodetic  Survey.  At  Mosquito  Inlet  a  boat  party  was  sent  in  to  establish  a  tidal 
station  and  to  put  up  signals  along  the  beach  to  the  southward.  While  this  work  was  in  progress 
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some  needful  repaii*8  were  made  to  tbe  machinery  of  the  vessel.  The  vessel  then  steamed  along, 
carrying  soundings  to  her  anchorage  inside  of  Cape  Canaveral  Shoals,  and  the  opportunity  was 
taken  in  passing  to  inspect  the  condition  of  the  signals  which  hml  been  erected.  Some  of  these 
had  gone  down,  and,  owiug  to  the  growth  of  palms  near  the  cape,  many  of  the  signals  could  not 
l)e  distinguished  in  the  offing.  To  overcome  the  difficulty  thus  presented,  Lieutenant-Commander 
Chester  had  a  few  signals  set  up  for  boat  work,  and  made  arrangements  for  occupying  the  light¬ 
house  and  an  adjacent  station  with  the  theodolite. 

Soundings  were  commenced  on  the  dth  of  May.  The  steamer  ran  lines  east,  northeast,  and 
on  the  opimsite  course  in  the  bay,  between  Southeast  Shoal  and  the  mainland,  the  lines  being  at 
an  average  about  a  mile  and  a  half  apart.  At  the  same  time  a  boat  party  made  soundings  on 
traverse  lines  over  Southeast  Shoal  early  in  the  day  when  pmcticable,  and  later  along  the  coast, 
the  last  connecting  with  the  lines  of  soundings  run  by  the  steamer.  In  this  way,  and  by  additional 
lines  run  at  right  angles  to  the  parallel  lines  first  mentioned,  the  bay  was  thoroughly  sounded. 

On  a  second  projection  for  developing  the  outer  shoals,  normals  to  the  coast  were  run  a  mile  or 
rather  more  apart  to  a  general  depth  of  fifteen  fathoms,  and  inside  of  the  outer  shoals  the  number 
of  lines  was  doubled,  and  these  were  crossed  by  others  run  parallel  to  the  coast.  Between  the 
light  house  and  each  of  the  shoals,  and  between  the  separate  shoals,  lines  of  soundings  were  run 
in  addition  to  such  as  were  recorded  in  the  course  of  the  general  survey.  Each  of  the  shoals  was 
also  c>arefully  developed  by  radial  lines  run  from  a  buoy  set  previously  over  the  sjmt  on  which  the 
least  depth  was  found.  But  a  shoal  mentioueil  as  being  a  mile  and  a  half  to  the  northward  of  the 
‘‘Bull”  was  not  found,  though  it  was  carefully  sought  for.  In  regard  to  it,  Lieutenant-Commander 
Chester  remarks:  ‘LVs  we  ran  over  the  place  when  water  was  breaking  heavily  on  the  ‘‘Hetzel,’’ 
and  when  heavy  rollers  w(Te  almost  breaking  on  the  Bull in  three  fathoms,  the  conclusion  is 
that  the  shoal  in  question  does  not  exist.’’ 

In  general  outline  the  shoals  were  found  by  the  party  as  reju’esented  by  the  reconnaissance  of 
1850;  but  there  is  now  a  clangorous  shoal  bearing  about  north  six  miles  from  the  light.  On  the 
way  down  the  steamer  ])assed  over  that  shoal,  and  the  subsequent  development  proved  that  the 
least  depth  on  it  is  ten  feet.  When  tin*  vessel  wjis  at  anchor  on  parts  of  the  shoals  current  obser¬ 
vations  were  recorded. 

After  completing  the  hydrographic  survey  of  the  **  Hetzel  Shoal,”  Lic*ut4U)ant  ( ’ommaiuler 
Chester  took  up  the  inshore  soundings  along  the  coast  and  filled  the  projection  which  had  been 
made  to  include  the  sea  approaches  to  Eastern  Florida,  between  Mosquito  Inlet  and  the  bay  under 
Cape  Canaveral.  This  work  occuiwed  the  party  until  the  middle  of  June.  Lieuts.  Crit*l  Sebree 
and  A.  V.  Wadhams,  U.  S.  N.,  Master  T.  G.  C.  Salter,  U.  S.  X.,  and  Eusigu  C.  II.  Amsden,  U.  S.  X., 
were  attached  to  the  hydrographic  party. 

Late  in  June  the  steamer  Bache  was  detailed  to  meet  the  steamer  Hitchcock  at  the  mouth  of 
Saint  John’s  River  and  take  that  vessel  in  tow  and  insure  her  safety  at  sea  as  far  as  Cape  hTorida, 
the  intention  being  to  transfer  the  Hitchcock  for  service  in  the  Mississippi  River.  After  supplying 
the  vessel  with  coal  for  the  passage,  Lieutenant-Commander  Chester  started  for  Xew  York,  and 
reached  that  port  on  the  10th  of  July. 

Surrey  of  Saint  Eiver^  Fla, — Arrangements  for  resuming  this  work  were  made  earlj-  in 

Xovember,  1877,  but  as  yellow  fever  soon  after  prevailed  at  Jacksonville,  it  was  not  deemed  expe¬ 
dient  to  organize  a  party  for  field  work  until  late  in  December.  Without  delay  the  steamer  Hitch¬ 
cock  was  repaired  at  Jacksonville,  and  moved  to  the  working  ground  in  the  middle  of  January  of 
the  present  year.  At  Patricio  Point,  Assistant  F.  W.  Perkins  resumed  the  survey  which  had 
been  previously  conducted  by  Assistant  Ogden.  Provivsion  was  made  for  carrying  forward  the 
triangidation  and  topography  jointly.  The  plane-table  survey  was  advanced  by  Mr.  C.  A.  Ivc*s, 
aid  in  the  party  of  Assistant  Perkins,  and  was  closed  for  the  season  at  Racey’s  Point.  The  trian- 
gulation  was  extended  southward  as  far  as  Tocoi. 

Ensign  J.  P.  Underwood,  U.  S.  X.,  joined  the  party  in  March,  and,  though  unwell,  he  rendered 
acceptable  service  by  his  judicious  care  of  the  vessel  and  crew.  Early  in  April,  Assistant  Perkins 
was  assigned  to  the  field  service  in  Section  VIII.  The  vessel  was  then  transferred  to  the  charge 
of  Subassistant  Vinal. 
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The  statistics  (Ji’  work  done  by  the  party  of  Assistant  Perkins  on  the  Saint  John's  are: 

Stations  occupied . 10 

Angles  measured .  . 178 

N  umber  of  observations .  .  067 

Shore  line  surveyed,  miles . 10 

Hoads,  miles .  72 

Number  of  soundings . . .  7, 528 

When  Assistant  Perkins  was  assigned  to  duty  on  the  Mississippi  River,  Siibassistaut  W.  I. 
Yiiial  was  transferred  from  the  party  of  Assistant  R.  M.  Bache,  with  directions  for  continuing  the 
survey  of  the  Saint  John’s.  The  work  w^as  prosecuted  until  the  9th  of  June,  when  the  steamer 


Hitchcock  was  sent  to  Jacksonville  for  repairs.  Subse<iuently  the  vessel  was  transferred  for  service 
iu  the  Mississippi  River  as  already  mentioned.  Mr.  Vinal  took  up  the  hydrography  at  the  limit  to 
which  it  had  been  extended  by  Assistant  Ogden  in  1877,  and  going  southward  sounded  the  river 
to  a  point  about  three  miles  beyond  Tocoi.  Before  leaving  the  section,  the  triangulation  was  canned 
several  miles  to  the  southward  of  the  hydrographic  limits.  The  statistics  are: 


Signals  erected  .  . 5 

Stations  occupied .  0 

Angles  measured .  Ob 

Number  of  observations . . . 792 

Miles  run  in  sounding  . . . . . .  318 

Angles  observed . . .  2, 045 

Number  of  soundings . . .  •  t..... . .  22,  491 


Ensign  J.  P.  Underwood,  U.  S.  N.,  w  as  attached  to  the  party  iu  the  steamer  Hitchcock,  but  in 
consequence  of  feeble  health,  due  to  pulmonary  disorder,  his  attention  was  of  necessity  limited  to 
the  cai-e  of  the  vessel  and  crew. 

Surrey  of  Indian  River^  Fla, — The  party  detailed  for  continuing  the  survey  of  the  eastern  coast 
of  Florida  below  Cape  Canaveral  resumed  operations,  under  the  charge  of  Assistant  R.  M.  Bache, 
on  the  12th  of  January,  1878.  As  heretofore,  the  sloop  Steadfast  w  as  used  for  transportation. 

Until  the  7th  of  February  the  plane-table  survey  and  hydrography  were  advanced  evenly  from 
the  south  end  of  Merrill’s  Island,  in  Indian  River,  and  were  then  suspended,  as  the  prevailing  winds 
favored  for  moving  into  Banana  River,  of  which  the  projection  made  last  year  had  not  been  filled 
with  soundings.  But,  soon  after,  a  succession  of  gales  followed,  and  the  duty  thus  became  tedious 
and  difficult.  By  the  end  of  April,  however,  that  work  was  completed.  The  party  then  returned 
to  resume  the  survey  of  Indian  River,  but  found  that  the  tide  gauge  had  been  sw  ept  aw^ay  from 
the  sheltered  place  in  which  it  had  been  left.  Mr.  Bache  at  once  took  means  for  the  purpose,  and 
was  successful  in  regaining  the  plane  of  reference.  Bench-marks  w  ei  e  then  established  along  the 
shores  of  the  river,  and  the  marks  were  connected  by  simultaneous  observations  and  by  lines  of 
levelling.  This  coiu'se  w  as  made  especially  requisite  by  the  unusually  high  water  maintained  in 
Indian  River  during  the  w  inter. 

In  May  the  work  advanced  without  hindrance,  and  by  the  middle  of  that  month  the  triangula¬ 
tion,  topography,  and  hydrography  had  been  advanced  to  stations  twelve  miles  southward  of  the 
mouth  of  Banaua  River.  The  work  was  there  closed  for  the  season,  and  the  Steadfast  returned  to 
her  anchorage  in  the  upper  i)art  of  the  river,  where  the  vessel  w  as  properly  secured  against  injury 
during  the  summer. 

Lieut.  Thomas  N.  Lee,  U.  S.  N.,  w  as  attached  to  this  party,  but  in  consequence  of  failing  health 
he  was  constrained  to  leave  the  section  before  the  close  of  operations.  After  his  return  from 
Florida,  Lieutenant  Lee  reported  in  person  at  the  office,  but  his  constitution  was  broken  by  rapid 
consumption.  He  died  at  Ellengowan,  Md.,  in  July. 

The  part  of  Indian  River  included  in  the  survey  here  under  notice  is  separated  from  the 
ocean  by  a  strip  of  land  which  at  one  point  has  a  breadth  of  only  about  tw^o  hundred  yards. 
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The  statistics  of  the  season  are : 


Shore  line  surveyed,  miles . 

Creeks  and  ponds,  miles  . . . 

Roads,  miles . 

Area  of  topography,  square  miles 

Miles  run  in  sounding . 

Angles . 

Casts  of  the  lead . 


41 

32 

18 
562 
616 
22, 014 


Mr.  C.  A.  Ives  aided  in  the  field  work  of  the  i)arty  in  this  section.  During  the  summer, 
Assistant  Bache  was  emj)loyed  in  a  special  survey  in  Section  11,  of  which  further  mention  will  be 
made  in  my  next  annual  report. 

Hydrography  of  Charh)tte  Harbor^  F/u.— After  the  com[»letiou  of  snp[»lementary  soundings,  of 
which  mention  will  be  made  in  the  next  section  of  this  re[»ort,  Lieut.  J.  .M.  Hawley,  U.  S.  N.,  Assist¬ 
ant  Coast  and  Geodetic  Survey,  with  his  party,  in  the  schooner  Silliman,  made  arrangements  for  the 
hydrographic  survey  pf  Charlotte  Harbor.  AVith  some  difficulty  nineteen  stations,  which  had  been 
occui)ied  for  the  triangulation,  were  identified.  Additional  to  these,  upward  of  seventy  signals  were 
erected  for  the  adjustment  of  soundings.  The  details  of  construction  were  entnisted  to  Master 
G.  C.  Hanus,  U.  S.  N.,  who  w  as  attached  to  the  party,  and  credit  is  due  for  economy  in  the  requisite 
outlay.  By  diiection  of  Lieutenant  Hawley  the  signals  w  hich  served  for  soundings  in  one  part  of 
the  bay  w  ere  removed  and  used  in  other  places.  In  regard  to  the  station  points,  Master  Hanus 
reports:  “The  grass  and  even  mangrove  trees  had  overgrown  many  of  the  triangulation  points, 
but,  omng  to  the  general  accuracy  of  the  topographical  survey,  the  points  sought  were  nearly 
always  found.  The  cedar  stakes  set  as  marks  some  years  ago  by  the  triangulatiou  party  were 
w^ell  preserved,  but  of  the  pine  stakes  set  only  one  remained  perfect.’’ 

While  soundings  were  in  progress  in  Charlotte  Harbor  tidal  observations  were  recorded  at  a 
station  near  Hickory  Bluff*,  and  aLso  at  Cape  Haze.  The  supervision  of  the  two  tide  gauges  w  as 
committed  to  Master  A.  II.  Cobb,  U.  S.  N.,  and  by  his  attention  a  record  of  the  rise  and  fall  at 
intervals  of  only  ten  minutes  was  secured  for  a  calendar  month  at  one  of  the  stations,  and  for  six 
weeks  at  the  other.  It  was  noticed,  as  resulting  from  high  winds,  that  the  water  level  was  raised 
by  southerly  or  southwesterly  breezes,  and  correspondingly  depressed  w  hen  the  wind  was  from  the 
north.  Owing  to  the  unusual  rainfall,  the  Avaters  of  Shell  Creek  were  found  to  be  seven  feet  above 
the  ordinary  level,  and  this  condition,  conjoined  with  high  Avinds  prex  alent  during  the  latter  part 
of  the  winter,  made  it  a  matter  of  some  difficulty  to  determine  planes  of  reference  for  the  two 
resulting  hydrographic  sheets.  On  one  of  them,  the  soundings  are  referred  to  the  gauge  at  Hickory 
Bluff;  on  the  other  they  are  refeiTed  to  the  gauge  at  Cape  Haze.  Bench-marks  were  established 
at  both  localities,  and  these  are  described  in  the  tidal  record. 

Soundings  Avere  begun  on  the  6th  of  February,  and  the  hydrography  was  advanced  daily  while 
the  weather  x)ennitted.  Frequent  Avinds  in  February  and  March  made  it  impracticable  to  obserA^e 
the  currents,  but  later  in  the  season  tAvo  stations  were  occui)ied,  one  in  the  channel  between  Pine 
Island  Shoal  and  Cape  Haze  Shoal,  and  the  other  in  the  channel  to  the  northward  of  Cape  Haze. 
By  the  10th  of  May  the  hy<lrography  of  Charlotte  Harbor  w  as  completed  from  Pease  Creek  through 
Boca  Grande  to  the  Gulf.  Lieutenant  Hawley  reports  that  the  channel  as  far  in  as  Hickory  Bluff 
has  nowhere  less  than  nine  feet  at  mean  low  water.  BetAveen  Hickory  Bluff*  and  Pease  Creek  there 
are  several  hard  lumps  with  only  fiA^e  feet  of  water  on  them. 

“The  holding  ground  in  some  parts  of  Charlotte  Harbor  is  the  best  which  we  liaAe  found  at 
any  place  in  Florida;  it  is  either  Aery  sticky  mud,  or  a  mixture  of  mud,  sand,  and  shells.  In  bad 
weather,  fishing  smacks  make  a  harbor  just  inside  of  Boca  Grande  to  the  southward,  but  the  bottom 
there  is  sandy,  and  the  place  not  as  secure  as  the  anchorage  betw  een  Pine  Island  and  the  shoal  to 
the  northward.” 

The  statistics  of  the  work  are : 


Miles  run  in  sounding .  722 

Angles  measured . .  2, 523 

Number  of  soundings .  29,949 
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Eighty-two  signals  were  erected  by  the  party  in  the  course  of  the  season.  At  Manatee  some 
indispensable  repairs  were  made,  after  which  the  Silliman  sailed  for  New  York,  but  oif  the  coast 
of  Virginia  was  struck  with  heavy  weather  and  constrained  to  put  into  Hampton  Eoads.  Subse¬ 
quently  the  injury  to  her  mast  was  repaired  at  Baltimore,  and  the  vessel  proceeded  to  the  coast  of 
Maine  for  service,  which  will  be  mentioned  in  my  next  annual  report. 

Master  Albert  Mertz,  U.  S.  N.,  has  been  on  duty  with  this  party  during  the  season. 

Triangulation  of  Sarasota  Bay^  Fla, — This  work  was  taken  up  by  Subassistant  Joseph  Herges- 
heimer  on  the  9th  of  March,  after  the  completion  of  a  survey  to  be  mentioned  under  the  next  head. 
As  the  result  of  operations,  which  were  closed  on  the  15th  of  June,  the  triangulation  proceeding 
southward  from  Tampa  has  been  carried  through  Sarasota  Bay,  which,  for  the  greater  part  of  its 
length,  is  separated  from  the  Gulf  of  Mexico  only  by  the  narrow  strip  known  as  Long  Key.  For 
defining  the  shore  line,  points  were  determined  at  intervals  on  both  sides  of  the  bay  quite  down  to 
the  narrow  passage  which  connects  with  the  shallow  inland  waters  leading  towards  Charlotte  Har¬ 
bor.  Much  rain  fell  during  the  time  employed  by  the  party,  and  the  measurement  of  angles  was 
in  consequence  retarded.  The  statistics  of  the  work  are : 


Signals  erected .  30 

Stations  occupied . 17 

Angles  measured . 169 

Number  of  observations .  3, 270 


The  schooner  Quick  was  used  for  transportation  by  the  party  in  Sarasota  Bay. 


SECTION  VII. 

WEST  FLORIDA,  ANCLOTE  KEYS  TO  PERDIDO  BAY.— (Sketch  No.  14.) 

Survey  of  CrooTced  River,,  Fla. — ^This  water  passage  bounds  the  north  side  of  Saint  James’s 
Island,  which  lies  at  the  eastern  entrance  of  Saint  George’s  Sound.  Its  development  was  provided 
for  in  the  operations  of  a  party  detailed  in  December,  1877,  to  work  under  the  direction  of  Sub¬ 
assistant  Hergesheimer,  as  already  noticed  under  the  preceding  head. 

After  making  needful  arrangements  at  Apalachicola  the  party  reached  Crooked  Eiver  in  the 
schooner  Quick  early  in  January  of  the  present  year,  and  as  soon  as  practicable  traced  the  shore 
lines  of  the  river  from  its  junction  with  the  Ocklockony  quite  through  to  the  western  mouth  of  the 
riv^  which  passes  into  Saint  George’s  Sound.  The  bar  off  the  western  entrance  was  sounded,  and 
also  the  water  passage  throughout  its  entire  course.  This  work  was  completed  on  the  23d  of 


February'.  The  statistics  are : 

Shore  line  traced,  miles . .  .  58 

Miles  run  in  sounding .  . . 66 


Under  the  head  of  Section  II  notice  has  been  taken  of  field  work  done  by  Mr.  Hergesheimer 
in  the  summer  of  1877. 

Hydrography y  Saint  Oeorge^s  Sounds  Fla, — Before  taking  up  the  work  of  which  mention  has 
been  made  under  a  preceding  head,  Lieutenant  Hawley,  with  his  party  in  the  schooner  Silliman, 
made  supplementary  soundings  in  Doer’s  channel,  at  the  eastern  entrance  to  Saint  George’s  Sound, 
and  also  off  Light-House  Point.  The  aggregate  statistics  are: 


Miles  run  in  sounding . 49 

Angles  measured . 312 

Number  of  soundings  . 2,715 


Masters  Hanus,  Cobb,  and  Mertz,  U.  S.  N.,  assisted  in  this  work,  and  also  in  the  hydrographic 
survey  of  Charlotte  Harbor.  The  party  in  the  Silliman  was  occupied  in  Saint  George’s  Sound 
daring  the  latter  part  of  December,  1877. 

S.  Ex.  13 - 5 
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SECTION  YIII. 

ALABAMA,  MISSISSIPPI,  LOUISIANA,  AND  ARKANSAS.— (Sketch  No.  15.) 

Hydrography  of  the  Gulf  of  Mexico, — In  December,  1877,  full  preparation  was  made  for  the  return 
of  the  hydrographic  party  in  charge  of  Lieut.  Commander  C.  D.  Sigsbee,  U.  S.  N.,  Assistant  Coast 
and  Geodetic  Survey,  with  the  steamer  Blake,  to  complete  deep-sea  soundings  in  the  Gulf  of  Mexico. 
At  my  request,  Prof.  Alexander  Agassiz  consented  to  accompany  the  party,  and  to  direct  in  such 
operations  as  might  yield  desirable  information  in  regard  to  the  conditions  and  forms  of  life  that 
inhabit  the  Gulf  bottom.  The  steamer  left  New  York  with  all  needful  appliances  for  dredging  and 
sounding,  and  was  at  Havana  at  the  close  of  the  year.  In  the  plan  of  work,  the  necessity  for 
touching  at  Spanish  ports  was  kept  in  view ;  and  permission  to  do  so  was  cordially  granted  by  the 
Governor-General,  who  directed,  also,  that  facilities  should  be  furnished  by  the  authorities  of  any 
port  at  which  the  Blake  might  have  occasion  to  anchor.  On  the  2d  of  January  the  steamer  stood 
off  and  on,  dredging  and  sounding  in  the  vicinity  of  the  entrance  to  Havana,  and  the  next  two 
days  in  the  direction  toward  Sand  Key.  Excepting  on  the  coral  mud  bottom,  the  dredge-tangles 
brought  u])  many  living  forms.  While  thus  engaged  near  Sand  Key,  a  norther  began  without  any 
sign  ot  approach,  and  bad  weather  prevailed  during  several  days.  To  avoid  its  effects  Lieutenant 
Commander  Sigsbee  took  shelter  at  Key  West,  but  as  soon  as  practicable  resumed  operations  with 
the  vessel,  and  in  the  middle  of  January  the  party  was  engaged  in  dredging  oft*  Bahia  Honda,  on 
the  north  coast  of  Cuba,  about  sixty  miles  to  the  westward  of  Havana.  On  the  19th  the  Blake 
stood  in  toward  the  entrance  of  the  harbor  merely  to  inquire  for  a  pilot  for  the  Colorado  Beefs,  and 
then  resumed  work  in  the  offing.  The  port  official  shortly  afterwards  visited  the  Blake,  and  took  the 
opportunity  to  state  that  if  the  steamer  had  occasion  to  enter,  her  signal  for  a  pilot  would  be 
promptly  answered  from  the  fort,  and  it  so  fell  out  that  thick  weather  came  on  a  few  hours  after. 
That  change,  but  more  especially  the  wish  for  information  concerning  the  intended  cruising-ground 
of  the  steamer  to  the  westward  of  Bahia  Honda,  inclined  Lieutenant-Commander  Sigsbee  to  enter 
the  port  at  least  for  the  night,  and  accordingly  the  signal  was  set  at  five  o’clock  in  the  evening  for 
a  pilot.  A  boat  sent  by  the  commander  of  the  fort  was  soon  alongside  of  the  Blake,  and  the  man, 
who  professed  to  be  a  pilot,  was  taken  on  board.  He  was  closely  questioned  as  to  bearings  and 
landmarks,  and  both  Lieutenant-Commander  Sigsbee  and  Lieutenant  Ackley  checked  his  replies  as 
the  marks  came  into  view.  He  met  all  inquiries  with  confidence,  and  declared  that  the  ship  was 
going  weD,  This  was  very  shortly  before  the  leadsman  reported  only  three  and  a  half  fathoms  of 
water.  When  sharply  asked  if  that  was  sufficient,  the  pilot  asserted  that  there  was  plenty  of  water, 
‘‘and  more  beyond,”  and  had  scarcely  done  so  when  the  steamer  struck.  The  vessel  had,  in  fact, 
through  misdirection,  been  run  by  the  force  of  her  engines  up  an  inclined  plane,  and  was  lying 
helpless  on  hard  coral  rock  bottom  with  only  seven  feet  of  water  under  the  bow  and  nine  feet 
astern,  whereas  the  mean  draught  of  the  steamer  when  afloat  was  over  ten  feet.  To  keep  the  vessel 
from  being  set  further  on  the  reef,  Lieutenant-Commander  Sigsbee  immediately  sent  out  the  anchors 
to  seaward  and  their  chains  were  hove  taut,  one  from  the  stern  and  the  other  from  the  starboard 
bow.  Means  were  at  the  same  time  taken  to  discharge  the  coal  overboard  at  a  safe  distance  £h)m 
the  port  side.  Master  McCrea  had  been  sent  to  the  fort  and  with  the  transportation  there  furnished 
reached  the  nearest  telegraph  station.  The  consul  general  of  the  United  States  at  Havana,  Henry 
C.  Hall,  esq.,  acted  promptly  on  the  request  of  Lieutenant-Commander  Sigsbee  for  assistance,  and 
dispatched  vessels  already  fitted,  in  hope  that  the  Blake  might  be  at  once  hauled  off,  as  the  steamer 
would  sufter  from  the  eft*ect  of  any  swell  of  the  sea.  Everything  possible  was  got  out  and  sent  on 
shore  by  the  Blake’s  company ;  and  the  engines  were  backed,  but  all  expedients  failed,  as  did  also 
the  attempt  to  haul  the  vessel  off  by  the  tow  of  another  steamer.  Soon  after,  on  the  evening  of 
the  21st,  a  norther  came  up ;  the  sea  became  so  rough  that  all  hands  on  board  were  in  peril.  Lieu¬ 
tenant-Commander  Sigsbee  felt  constrained  to  send  the  crew  ashore,  retaining  on  board,  besides 
himself,  only  Lieutenant  Ackley,  Passed  Assistant  Engineer  W.  S.  Moore,  two  machinists,  a  fire¬ 
man,  and  five  seamen.  Professor  Agassiz  had  taken  active  part  in  all  the  means  employed  and 
proposed  to  share  the  danger  of  the  situation  with  the  commander,  as  did  also  the  officers,  who 
requested  permission  to  take  the  place  of  the  seamen  retained  on  board.  Lieutenant-Corn- 
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mander  Sigsbee  declined  to  make  any  change,  all  the  persons  selected  at  first  being  equally  willing 
to  remain.  As  the  ship  began  to  pound  with  the  rising  sea,  the  small  company  on  board  busied 
themselves  about  the  deck  and  below  in  securing  what  was  left,  aud  to  be  iu  readiness  for  the  worst; 
the  joint  of  the  Kingston  valve  was  broken  to  admit  of  flooding  the  ship  if  necessary.  At  half  past 
eight  o’clock  at  night  the  seas  were  breaking  along  both  sides,  and  the  vessel  pounded  so  that  those 
on  board  found  it  difficult  to  stand  without  holding  fast.  The  engine  frames  raised  at  every  blow, 
and  the  stern  swung  one  point  in  shore.  All  hopes  of  a  favorable  shift  of  wind  were  gi\  en  up, 
and  at  this  juncture,  all  on  board  feeling  that  the  vessel  could  not  hold  together  for  another  half 
hour,  Lieutenant-Commander  Sigsbee  gave  order  for  hauling  the  fires  and  opening  the  Kingston 
valve.  The  vessel  filled  rapidly,  and  in  a  few  minutes  rested  quietly  on  the  bottom.  A  whaleboat 
had  been  kept  under  the  lee  of  the  port  bow,  and  after  a  half  hour  spent  in  securing  hatches,  it  was 
felt  that  nothing  more  could  be  done  for  the  vessel  at  that  time,  so  the  men  were  sent  into  the 
boat  and  were  followed  by  Mr.  Moore,  Lieutenant  Ackley,  and  Lieutenant- Commander  Sigsbee. 
With  little  trouble  the  party  reached  the  shore  shortly  before  ten  p.  m.  Toward  morning  the  wind 
and  sea  went  down,  and  the  opportunity  was  taken  to  discharge  the  coal  that  yet  remained  on 
board.  The  condition  of  the  vessel  soon  after  striking  on  the  reef  had  been  made  known  by 
Thomas  Elven,  seaman,  an  expert  swimmer  and  diver,  who  went  down  and  passed  along  her  whole 
length  under  both  sides.  Four  days  later  he  made  a  second  examination,  and  his  reports  were  of 
great  value  in  directing  the  exertions  that  finally  restored  the  steamer  to  the  service. 

On  the  morning  of  the  23d  of  January  the  light  house  tender  Dandelion  arrived  off  Bahia 
Honda  from  Key  West,  dispatched  by  Commander  Smith  W.  Nichols,  U.  S.  N.,  who,  being  light¬ 
house  inspector  there,  had  earnestly  co-operated  with^Consul-General  Hall  in  sending  means  for  the 
relief  of  the  Blake.  A  pilot  from  the  port  came  and  remained  on  board  the  tender,  but  as  Lieu¬ 
tenant-Commander  Sigsbee  soon  followed,  his  services  were  accepted  by  Captain  Cosgrove  to  pilot 
in  the  Dandelion.  That  vessel  was  anchored  bow  and  stern  near  by,  and  the  two  engineers  suc¬ 
ceeded  in  connecting  the  boilers  of  the  tender  with  the  whistle-pipe  of  the  Blake.  Steam  was  thus 
applied  from  the  Dandelion  to  work  the  donkey  pump  for  clearing  the  grounded  vessel  of  the  water 
which  had  been  admitted  for  her  safety.  At  four  p.  m.  of  the  24th  the  water  was  so  much  reduced 
as  to  admit  of  lighting  fires  under  the  port  boiler  of  the  Blake.  The  main  engine  was  started  two 
hours  afterward,  and  by  nine  p.  m.  the  steamer  was  free  of  water,  but  still  remained  aground. 
Soon  after  there  arrived  the  tug  La  Gitana  towing  a  lighter  containing  sixty-six  wine-pipes,  which 
vessels  and  appliances  had  been  forwarded  from  Havana  by  Consid-General  Hall,  on  the  application 
of  Lieutenant-Commander  Sigsbee,  through  telegrams,  and  by  Professor  Agassiz  in  person.  The 
Spanish  tug  co  operated  with  the  Dandelion  iu  an  attempt  to  haul  oft'  the  Blake,  but  without  suc¬ 
cess,  though  the  vessel  was  then  divested  of  nearly  all  that  could  be  moved.  Finally  La  Gitana 
was  directed  to  take  a  hawser  from  the  starboard  bow,  while  the  Dandelion  held  hard  as  before  to 
the  starboard  quarter,  and  when  the  Spanish  tug  made  a  surge,  the  Blake  responded  by  swinging 
rapidly  around,  until  her  head  was  northwest  instead  of  south,  as  previously,  though  left  hard 
aground  aft  for  about  ten  feet  forward  from  the  stem  post.  The  hawser  of  the  Dandelion  was  tten 
cast  off  from  the  quarter,  and  made  fast  to  the  foremast  head  of  the  Blake,  and  the  tender  hauled 
straight  ahead  to  depress  the  bows  of  the  Blake,  which  were  in  deep  water,  while  La  Gitana  surged 
again  with  a  twelve-inch  hawser,  but  the  Blake  still  remained  fast  astern.  As  the  tide  was  then 
beginning  to  fall  the  bow  was  held  in  position  by  the  tug  while  the  tender  planted  the  starboard 
bow  anchor  of  the  Slake,  the  other  being  already  out  in  a  position  right  ahead  or  northwest.  Tw’o 
hea\^  anchors  being  thus  well  set  for  the  finSl  effort,  the  assisting  vessels  were  released  for  the 
night,  with  the  understanding  that  all  the  force  possible  would  be  applied  at  high  tide,  which  would 
not  occur  until  the  forenoon  of  the  following  day.  On  the  morning  of  the  26th,  Thomas  Elven,  sea¬ 
man,  again  went  under  the  Blake,  and  reported  that  the  vessel  held  only  near  the  stern  post.  As 
the  bow  was  then  floating  in  two  and  a  half  fathoms,  the  sixty -six  empty  wine-pipes  brought  by  La 
Gitana  were  arranged  on  the  decks  of  the  Blake,  as  far  forward  as  possible,  iu  two  tiers,  and  were 
filled  with  sea-water,  as  were  also  the  forward  water-tanks.  Some  additianal  weight  at  the  bows 
of  the  Blake  was  added  by  reshipping  articles  which  had  been  previously  transferred,  and  the 
effect  of  this  expedient,  as  expected,  was  to  relieve  the  pressure  of  the  stern  on  the  reef.  When 
everything  was  in  readiness  to  apply  force  if  necessary,  Lieutenant-Commander  Sigsbee  and  Lieu- 
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tenant  Sharrer  went  over  the  side,  into  the  dinghy,  and  sounded  around  the  vessel.  They  perceived 
that  the  starboard  chain  seemed  to  slacken,  and  in  a  few  moments  were  gladdened  by  the  certainty 
that  the  Blake  was  afloat.  The  windlass  was  at  once  manned,  the  engines  started,  and  the  ship 
commenced  swinging  to  the  wind.  Although  the  vessel  had  been  slung  with  chains,  and  girdled 
by  her  crew,  and  wine-pipes  provided  to  be  used  as  camels  or  caissons,  no  necessity  arose  to  employ 
them  in  the  way  which  was  at  the  outset  thought  requisite.  The  spirit,  intelligence,  and  energy  of 
the  commander  and  officers  of  the  steamer  Blake,  and  the  steady  devotion  of  the  crew  well  deserved 
the  success  that  crowned  their  efforts.  The  ship  struck  at  high  water,  spring  tide,  when  the  rise 
was  twenty-nine  inches,  and  when  got  off  the  rise  was  only  eleven  inches.  By  immense  labor,  in 
which  all  on  board  assisted  at  the  outset,  the  draught  of  the  vessel  was  speedily  lessened  by  twenty- 
seven  inches.  In  general  reference  to  the  exertions  of  his  associates,  Lieutenant-Commander 
Sigsbee  says : 

During  all  our  troubles  Professor  Agassiz  did  everything  possible  to  render  assistance,  and 
though  disappointed  in  the  break  which  had  occurred  in  the  marine  investigations,  he  made  our 
affairs  paramount  in  his  endeavors. 

“To  Lieut.  S.  M.  Ackley  and  Passed  Assistant  Engineer  W.  S.  Moore  I  am  indebted  for 
suggestions  of  a  number  of  useful  expedients,  for  their  unremitting  i)ersonal  labors,  and  for  cheer¬ 
fully  sharing  in  the  risk  of  remaining  on  board  on  the  night  of  the  21st.  All  belonging  to  the 
vessel  worked  hard,  and  voluntarily  would  have  remained  during  that  night,  if  permitted.  To 
the  officers  I  owe  expressions  of  sympathy  and  confidence.  Machinist  Peterson,  who  worked  very 
hard,  was  the  only  one  on  board  able  to  say,  from  previous  observation,  how  the  ship  would  be 
likely  to  behave  when  filled  with  water  after,  grounding.  His  intelligent  description  confirmed 
the  belief  that  the  measure  which  I  had  under  consideration  tended  to  the  ultimate  safety  of  the 
Blake.  Among  the  crew  there  was  no  word  of  complaint;  all  applied  themselves  manfully,  and  in 
consequence  of  severe  labor  the  double  ration  served  out  was  all  consumed.’’ 

The  report  of  Lieutenant-Commander  Sigsbee  makes  special  mention  of  the  interest  manifested 
for  the  success  of  the  cruise  of  the  Blake,  in  many  courtesies  by  Commander  Smith  W.  Nichols, 
U.  S.  N.,  light  house  inspector  at  Key  West,  and  by  Lieut.  Eugene  B.  Thomas,  TJ.  S.  N.,  commanding 
the  naval  depot  at  that  port.  Commander  Nichols  dispatched  the  Dandelion  as  being  best  fitted 
to  render  effective  assistance.  The  commander  of  that  vessel,  Capt.  Philip  J.  Cosgrove,  reached 
Bahia  Honda  at  a  most  opportune  moment,  and  though  so  sick  as  to  require  treatment  from  the 
surgeon  of  the  Blake,  the  energetic  direction  of  the  Dandelion  at  once  proved  to  be  a  gratifying 
relief.  To  this  zealous  and  capable  officer  my  thanks  have  been  expressed^  as  also  to  others  whose 
activity  tended  to  further  the  movements  needful  for  the  relief  of  the  stranded  vessel. 

As  soon  as  practicable,  after  being  fioated  at  Bahia  Honda,  the  steamer  Blake  proceeded  to 
Havana,  and  in  the  course  of  a  few  days  was  repaired  at  that  port. 

Early  on  the  12th  of  February  Lieutenant-Commander  Sigsbee  started  from  Key  West  with 
fine\ weather  to  resume  work.  When  clear  of  the  reef  a  course  was  shaped  to  the  westward  of  the 
Tortugas,  and  in  that  vicinity  a  few  casts  were  made  with  the  dredge,  but  nothing  of  note  came  up 
from  moderate  depths.  The  bottom  was  generally  soft  gray  mud.  At  eight  hundred  and  sixty- 
three  fathoms  the  dredge  came  up  full  of  mud,  and  attached  to  the  tangles  brought  also  one  star¬ 
fish.  This  was  at  a  position  sixty  miles  west  of  Tortugas.  Bad  weather  followed  for  some  hours, 
but  on  the  15th  the  trawl  was  worked  at  depths  of  nine  hundred  and  fifty-five  ^md  eleven  hundred 
fathoms  in  soft  yellow  mud.  Of  eight  kinds  of  deep-sea  fishes  brought  up,  some  were  blind,  and 
others  remarkable  in  structure.  A  large  variety  of  rare  living  forms  was  there  obtained,  besides 
five  kinds  of  sponges,  and  coral  branches  of  great  delicacy.  Further  westward  another  haul  in 
nineteen  hundred  and  twenty  fathoms  was  made  with  equal  success.  Very  large  carnation-colored 
shrimps,  and  a  blind  but  well-shaped  fish,  a  foot  in  length,  were  among  the  numerous  specimens 
held  by  the  trawl. 

Passing  on  southward  and  westward  the  trawl  was  again  got  overboard  in  fifteen  hundred 
fathoms  on  the  slope  of  the  Bank  of  Campeche,  where  the  bottom  is  generally  soft  coral  mud,  but 
in  reeling  in,  it  was  found  that  the  trawl  had  fouled  on  something  at  the  bottom,  and  could  not  be 
cleared.  This  loss  left  only  one  trawl  on  board.  The  steamer  passed  on  westward,  sounding 
along  the  north  side  of  the  bank.  As  the  dredge  brought  up  few  specimens,  a  modification  was 


Digitized  by  kjOOQle 


T7NITED  STATES  COAST  AOT>  GEODETIC  SUEVEY. 


37 


made  with  a  view  of  retaining  less  of  the  mud,  which  seemed  to  be  scooped  up  from  the  bottom 
and  held  to  the  exclusion  of  any  specimens  that  might  be  near  the  spot  where  the  apparatus  was 
dropped.  Lieutenant-Commander  Sigsbee  and  Master  H.  M.  Jacoby,  U.  S.  X.,  soon  completed  the 
changes  deemed  requisite  for  success,  and  the  first  trial  of  the  new  dredge  brought  up  neither  mud 
nor  sand,  but  many  specimens  of  value  5  among  others,  five  entirely  new  sea-urchins,  each  closely 
resembling,  in  form,  color,  and  size,  the  half  of  a  large  fresh  lemon.  North  of  the  bank,  and  in 
fifteen  hundred  and  sixty-eight  fathoms,  the  trawl  was  kept  an  hour  on  the  bottom  and  came  up 
with  specimens  among  which  was  an  exceedingly  rare  kind  of  stemmed  polyp.  Along  the  west 
side  of  the  bank  the  dredge  was  cast  at  intervals,  and  generally  with  success. 

Passing  southward  to  Alacran  Reef  on  the  18th  of  February,  the  Blake  was  anchored  in  six 
fathoms  on  the  northwest  edge  of  the  reef,  and  Professor  Agassiz  examined  the  shoal  water  about 
the  reef;  after  which  the  vessel  got  under  way,  passed  along  the  west  and  south  sides  of  the 
Alacran,  and  steamed  for  the  edge  of  the  Yucatan  Bank,  near  the  northeast  point  of  the  Yucatan 
Peninsula.  The  intention  of  Lieutenant-Commander  Sigsbee,  by  the  advice  of  Professor  Agassiz, 
was  to  run  a  line  from  the  one-hundred-fathom  curve  at  that  place  toward  Cai>e  San  Antonio;  but 
during  the  night  of  the  19th  of  February  a  southeast  gale  made  it  necessary  to  defer  the  purpose. 
When  the  weather  cleared,  the  Blake  was  put  on  her  course,  and  the  trawl  was  used  in  fifteen  and 
twenty  fathoms,  bringing  up  the  profusion  usually  found  near  shore.  Keeping  on,  under  easy 
steam,  in  the  direction  towards  Cax)e  San  Antonio,  rough  weather  was  again  met,  and  the  Blake 
put  back  and  took  shelter  under  the  lee  of  a  shore  that  makes  out  northward  of  Jolbos  Island, 
where  the  vessel  was  detained  until  noon  of  the  22d  of  February.  The  steamer  again  started  east¬ 
ward,  although  the  weather  was  yet  unsettled,  but  dredging  was  impracticable,  and  no  stop  was 
made  short  of  the  Colorado  Reefs,  in  the  vicinity  of  Cape  San  Antonio.  Soundings  were  recorded 
in  the  vicinity  of  the  Reefs,  and  the  dredge  was  about  to  be  started  wlien  a  squall  came  on. 
Standing  again  back  towards  the  reefs,  the  Blake  approached  to  within  a  mOe  and  a  half,  and 
found  'three  hundred  and  forty-six  fathoms.  Of  the  appearance  of  the  reefs,  Lieutenant  Com¬ 
mander  Sigsbee  says:  ^^A  more  dangerous-looking  locality  I  have  never  seen.  The  white  water 
was  wholly  within  the  breakers,  the  latter  being  in  blue  water.  .No  land  was  in  sight.^ 

Preparation  was  made  on  board  the  Blake  for  casting  the  dredge  near  the  Colorado  Reefs,  but 
at  the  instant  of  backing  into  the  sea  one  of  the  nidder  chains  broke  adrift  and  got  foul  of  the 
propeller.  The  sails  were  quickly  adjusted,  but  the  vessel  did  not  answer,  nor  could  the  chain  bo 
relieved  by  a  boaPs  crew  sent  astern.  Lieutenant  Commander  Sigsbee  went  over  the  stern  in  a 
bow  line,  and  seeing  that  the  chain  could  be  got  away  only  by  breaking,  gave  order  for  turning 
the  engine  at  full  speed.  As  a  result  the  chain  snapped  from  the  rudder,  but  probably  remaining 
in  the  propeller  it  was  not  deemed  expedient  to  stay  longer  at  the  reef.  Standing  broad  off  into 
deep  water  a  cast  was  made  in  twelve  hundred  and  twenty-two  fathoms.  The  course  was  then 
changed  to  northward  and  eastward,  s^d  the  trawl  was  used  and  brought  up  specimens  from  a 
depth  of  thirteen  hundred  and  twenty-three  fathoms.  Further  on  in  the  direction  toward  Key 
West  a  very  successful  haul  was  made  in  eight  hundred  and  sixty  fathoms.  Two  other  equally 
fortunate  dredgings  were  made  at  positions  south  of  the  Tortugas.  Some  of  the  forms  secured  in 
these  were  entirely  new.  The  steamer  reached  Key  West  on  the  25th  of  February  in  time  to  escape 
very  heavy  weather  that  prevailed  during  several  days.  On  the  1st  of  March  the  vessel  again 
started,  and  stopped  off  the  Marquesas  for  examinations  deemed  desirable  by  Professor  Agassiz. 
The  coral  there  was  found  to  be  dead.  Continuing  westward  inside  of  the  reef  a  heavy  sea  was 
met,  and  in  consequence  Lieutenant-Commander  Sigsbee  went  into  Tortugas  Harbor.  Next  day  suc¬ 
cessful  hauls  were  made  with  a  dredge  which  had  been  constructed  on  board,  but  the  sea  remained 
heavy.  After  a  cast  in  fifteen  hundred  fathoms  the  course  was  laid  for  the  Mississippi  Delta,  off 
which  the  dredge  was  used  in  three  hundred  and  twenty-one  and  five  hundred  and  thirty-three 
fathoms,  and  finally  at  the  one-hundred-fathom  curve  opposite  to  the  entrance  of  South  Pass. 
Near  the  eastern  outset  of  this  line  the  Blake  encountered  a  tremendous  sea,  in  which  the  sea¬ 
worthiness  of  the  vessel  after  her  pounding  on  the  reef  near  Bahia  Honda  was  fully  proved.  The 
sea  continuing  heavy  during  the  entire  run,  and  also  off  the  mouths  of  the  Mississippi,  the  Blake 
was  passed  between  the  jetties  and  anchored  at  New  Orleans  on  the  9th  of  March.  From  that  port 
Professor  Agassiz  proceeded  directly  to  Boston.  Lieutenant-Commander  Sigsbee  took  in  a  supply 
of  coal  and  refitted  the  vessel. 
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The  only  continuously  good  weather  during  the  season  in  the  Gulf  happened  while  the  steamer 
Blake  was  fast  on  the  reef  off  Bahia  Honda.  This  fortunately  availed  for  the  safety  of  the  vessel, 
but  the  results  of  the  work,  done  for  the  most  part  during  rough  weather,  are  nevertheless  satis¬ 
factory. 

Soundings  and  bottom  temperatures  were  carefully  recorded  in  connection  with  the  dredging 
operations. 

The  Blake  left  the  Delta  on  the  24th  of  March,  and  in  the  course  of  two  days  was  in  one  hun¬ 
dred  fathoms  on  the  Florida  Bank.  Hauls  were  made  with  the  dredge  in  cruising  towards  water 
of  less  depth,  and  after  touching  at  Key  West  at  positions  off  the  coast  of  Cuba  in  the  vicinity  of 
Havana.  Much  bad  weather  was  experienced  in  April,  but  the  latter  part  of  that  month  was 
spent  in  the  endeavor  to  repair  a  defect  in  the  submarine  cable  between  Havana  and  Key  West. 
This  service  was  undertaken  at  the  request  of  the  late  president,  Hon.  William  Orton,  of  the 
Western  Union  Telegi*aph  Company,  to  which,  from  its  organization,  the  survey  has  been  contin¬ 
uously  under  obligations  for  many  facilities  that  favored  progress  in  the  work.  By  the  party  in 
the  Blake  the  cable  was  at  first  underrun  from  the  south  beach  at  Key  West,  and  was  buoyed  at 
the  edge  of  the  reef.  WTien  the  weather  served  a  further  attempt  was  made  to  underrun  to  the 
vicinity  of  the  defect,  which  was  judged  to  be  about  twenty-seven  miles  from  Sand  Key,  but  the 
cable  was  found  to  be  so  slack  that  the  appliances  on  board  the  sthamer  became  inett'ective.  The 
agent  of  the  International  Ocean  Telegraph  Company  directed  and  witnesse<l  all  the  operations, 
and  at  last  decided  that  further  efforts  were  useless  in  the  absence  of  special  means  for  the  service 
desired. 

Having  refitted  at  Key  West  the  Blake  again  left  that  port  on  the  2d  of  May,  and  started  in 
sixteen  fathoms  a  line  of  soundings  just  outside  of  Sand  Key  Light-House,  and  with  good  weather 
extended  work  towards  the  Yucatan  Bank,  but  the  wind  and  sea  next  day  constrained  a  return  to* 
Tortugas  after  a  run  of  seventy  miles.  On  the  way  the  Blake  was  struck  by  a  sea  which  broke 
seven  dead-light  panes  in  the  starboard  main-deck  ports,  though  the  glass  was  a  quarter  of  an  inch 
thick.  The  storm  prevailed  during  several  days,  but  on  the  8th  the  vessel  was  got  underway  for 
Key  West,  several  of  the  company  being  ill.  A  few  days  after,  Lieutenant-Commander  Sigsbee 
was  again  off  the  Tortugas  with  the  intention  of  sounding  quite  across  to  the  coast  of  Cuba.  This 
line  was  closed  a  shoit  distance  east  of  the  entrance  to  Mariel,  where  a  depth  of  three  hundred  and 
eighty-one  fathoms  was  recorded  quite  close  inshore.  As  the  weather  was  unsettled  the  Blake 
laid  off  near  the  entrance  to  Havana  on  the  night  of  the  12th,  and  then  steaming  westward  started 
a  line  off  Bahia,  and  carried  soundings  northward  and  westward  to  a  point  about  forty  miles  west 
of  the  Tortugas,  where  a  depth  of  one  hundred  and  fifty-six  fathoms  was  recorded.  The  interval 
of  calm  that  favored  work  on  this  line  closed,  but  the  vessel  was  moved  to  a  position  about  thirty 
miles  further  west,  and  there  found  seventeen  hundred  and  fifty-three  fathoms.  From  that  station 
soundings  were  run  to  the  coast  of  Cuba  in  a  direction  generally  parallel  to  the  line  last  mentioned 
and  at  nearly  equal  distances  four  other  lines,  the  last  starting  near  Cape  San  Antonio  were  run 
radiating  from  the  coast  of  Cuba.  These  developed  an  eastern  prolongation  or  spur  of  the  Yucatan 
Bank,  and  that  development  was  further  verified  by  a  line  of  soundings  which  crossed  the  rmlial 
lines.  This  final  line  of  soundings  was  run  northward  and  eastward  and  on  the  course  towards 
Key  West,  where  the  Blake  arrived  on  the  26th  of  May. 

At  proper  intervals  on  all  the  lines  of  soundings,  serial  temperature  stations  were  made,  at 
each  of  which  the  temperature  of  the  water  was  recorded  at  the  surface  and  at  varying  depth  to 
the  bottom  of  the  Gulf.  Full  series  were  registered  at  fifty-nine  stations,  the  records  of  which  will 
bear  directly  in  the  inv^estigation  of  the  currents  that  pass  between  Cuba  and  Yucatan.  Of  the 
ten  lines  of  soundings  here  mentioned  the  greatest  depth  found  was  two  thousand  and  sixty-four 
fathoms  at  a  station  about  midway  between  Yucatan  Bank  and  the  Tortugas.  At  the  place  in 
which  each  of  the  soundings  was  recorded  the  density  of  the  Gulf  water  was  tested. 

On  the  passage  of  the  steamer  Blake  northward  Lieutenant-Commander  Sigsbee  stopped  off 
Cape  Florida,  and  ran  a  line  of  soundings  with  numerous  temperature  observations  quite  across 
the  Gulf  stream,  terminating  the  line  at  Gun  Key.  The  depths  found  are  greater  than  those  here¬ 
tofore  reported  for  that  vicinity.  Passing  on  northward  from  Gun  Key  the  vessel  reached  New 
York  on  the  6th  of  June. 
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In  the  work  of  the  season  Lieutenant-Commander  Sigsbee  was  ably  seconded  by  Lieuts.  S.  M. 
Ackley  and  W.  O.  Sharrer,  U.  S.  N.;  by  Masters  H.  M.  Jacoby  and  Henry  McCrea,  U.  S.  N.,  and  by 
Ensign  G.  H.  Peters,  U.  S.  N.  Assist.  Surgeon  C.  J.  Nourse  and  L.  P.  Sigsbee  served  as  recorders 


in  the  hydrographic  party. 

The  general  statistics  of  the  work  are : 

Miles  run  in  sounding .  1, 316 

Number  of  deep-sea  soundings .  196 

Temperatures  recorded . . . . 1, 008 

Water  densities . . . . . .  207 

Deep-sea  dredgings .  102 

Specimens  of  bottom .  147 


Triangulation  of  Barataria  Bay^  -La. — This  work  was  essentially  complete  at  the  close  of  the 
preceding  season.  The  shore  line  had  also  been  traced  for  the  use  of  the  hydrographic  party.  It 
remained  merely  to  extend  from  the.  head  of  the  bay  a  short  triangulation  so  as  to  connect  with 
stations  used  in  the  survey  of  the  Mississippi  Eiver.  For  this  purpose  Assistant  W.  H.  Dennis 
resumed  operations  on  the  10th  of  December,  1877,  with  a  party  in  the  steamer  Barataria.  A  re¬ 
connaissance  was  made  and  signals  were  erected  for  a  set  of  quadrilaterals  north  of  the  work  of 
last  year.  At  Woodland  a  tripod  sixty  feet  high  was  required  in  order  to  obtain  a  line  of  sights 
above  the  buildings  by  which  the  station  was  surrounded.  Between  tlie  bay  and  the  river,  at  the 
points  of  nearest  approach,  a  ridge  intervenes  covered  by  a  growth  of  live  oak,  through  which 
four  avenues,  averaging  nearly  Haifa  mile  in  length,  were  cleared  by  cutting  to  admit  of  observing 
with  the  theodolite. 

While  Mr.  Dennis  was  engaged  in  measuring  angles  for  connecting  his  work  with  the  river 
survey,  the  shore  lines  of  the  upi)er  branches  of  Barataria  Bay  were  mapped  by  Mr.  F.  C.  Donn, 


the  aid  in  the  party.  . 

The  statistics  of  the  supplementary  work  of  this  season  are: 

Shore  line  traced,  miles . . .  88 

Angular  measurements .  4, 952 


The  shallow  waters  at  the  head  of  the  bay  were  sounded  while  the  topography  was  in  progress. 
This  work  was  completed  early  in  April.  Under  another  head  mention  will  be  made  of  the  subse¬ 
quent  operations  of  the  party  under  the  direction  of  Assistant  Dennis. 

Hydrography  of  Barataria  Bay^  La, — The  party  assigned  for  this  work  commenced  operations 
on  the  24th  of  January,  1878,  under  the  charge  of  Lieut.  W.  I.  Moore,  U.  S.  N.,  Assistant  Coast 
aud  Geodetic  Survey,  with  the  schooner  Eeady.  After  establishing  a  tide  gauge,  the  soundings 
were  prosecuted  at  all  favorable  intervals  inside  of  the  bay,  and  when  weather  permitted  in  the 
approaches.  The  resulting  sheets  take  in  the  Gulf  hydrography  for  about  four  miles  east  and  as 
far  west  of  the  entrance,  and  to  a  distance  of  rather  more  than  three  miles  to  seaward.  Inside,  the 
bay  was  sounded  to  a  limit  about  six  miles  from  the  Gidf  shore. 

During  March  and  April  the  work  was  delayed  by  prevalent  fogs.  These  were  constant  except 
for  about  one  hour  near  midday. 

The  following  remarks  are  taken  from  the  report  of  Lieutenant  Moore : 

“  On  approaching  the  entrance  to  Barataria  Bay  the  water  shoals  gradually  from  seven  fath¬ 
oms  (at  three  miles  from  the  light-house)  to  seven  feet  on  the  crest  of  the  bar.  Inside  the  bar  the 
water  deepens  to  seven  fathoms  when  abreast  of  Fort  Livingston. 

“Inside  the  entrance  no  noticeable  changes  have  taken  place  within  the  last  twenty-five  years. 
Thirteen  feet  may  be  carried  until  near  the  “  Quartelles,’^  with  shell  heaps  on  either  side.  Above 
this  the  bottom  seems  to  be  flat,  with  six  and  a  half  feet  of  water  up  to  the  enti-arice  of  the  bayous, 
which  are  invariably  guarded  by  bars  having  from  two  to  five  feet  of  water  on  them. 

“There  is  good  anchorage  in  three  fathoms,  Barataria  light  bearing  south-southeast,  bottom 
black  mud.^ 

As  might  be  expected  the  tides  were  found  to  be  much  affected  by  the  direction  of  the  wind. 
It  was  noticed  also  as  a  peculiarity  that  the  tide  would  begin  to  rise  at  the  entrance  while  the 
current  was  running  out,  and  fall  while  the  current  was  setting  in. 
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The  general  statistics  of  this  survey  are ; 

Miles  run  in  sounding .  685 

Angles  measured . .  3, 634 

Number  of  soundings  . . 31, 458 

Lieutenant  Moore  was  assisted  in  this  work  by  Lieuts.  W.  F.  Low  and  Sidney  H.  May,  U.  S.  N. 
Soundings  were  continued  in  Barataria  Bay  until  the  Ist  of  June. 

Tidal  observations. — The  record  made  by  means  of  a  staff-gauge  by  Mr.  G.  Faust,  at  New 
Orleans,  during  regular  intervals  of  six  hours  has  been  continued.  The  daily  or  tidal  fluctuation 
in  the  Mississippi  is  very  small,  but  the  annual  changes,  amounting  to  eleven  or  twelve  feet,  pro¬ 
duced  by  floods,  are  of  much  interest.  The  observations  are  kept  up  as  heretofore,  because  these 
large  changes  show  a  tendency  towards  recurrence  at  regidar  periods,  and  hence  the  accumulated 
records  may  be  expected  to  yield  a  fair  approximation  in  advance  in  regard  to  the  state  of  the  river 
throughout  the  year. 

Base  lines  near  Mississippi  River. — Full  provision  was  made  for  the  advance  of  the  triangula¬ 
tion  parties  on  the  Mississippi  Eiver,  by  the  assignment,  early  in  April,  of  Assistant  H.  G.  Ogden, 
for  the  measurement  of  base  lines  at  Donaldsonville,  at  Natchez,  and  at  Vicksburg. 

At  Donaldsonville  the  line  was  located  about  a  mile  and  a  half  below  the  city,  and  is  thirty- 
thre^  hundred  and  thirty  meters  in  length.  The  measurement  was  made  over  a  plantation  road, 
and  levels  were  run  to  reduce  the  mean  height  of  the  base  to  the  top  of  the  levee  or  railroad.  The 
azimuth  was  obser\^ed  for  the  base  line  by  flfty-six  measures,  resulting  fix)m  nine  sets  of  observa¬ 
tions  in  five  positions  of  the  instrument  near  elongation  on  four  nights. 

For  use  in  the  triangulation  approximate  computations  of  the  base  length  and  azimuth  were 
furnished  to  Assistant  Perkins,  who  was  then  conducting  the  triangulation  above  Donaldsonville. 

Opposite  to  Natchez  a  base  line  was  laid  out  and  measured  of  twenty-nine  hundred  and  seventy 
meters  along  the  Concordia  road  at  Vidalia.  Azimuth  was  measured  at  an  adjacent  point  of  the 
triangulation.  The  angle  between  a  mark  set  about  two  miles  to  the  northward  and  the  line  lead¬ 
ing  from  Lookout”  to  “Giles”  was  ascertained  by  sixty  measures,  which  resulted  from  ten  sets  of 
observations  with  the  instrument  in  five  positions.  Four  nights  were  employed  for  determining  the 
azimuth. 

Under  circumstances  which  constrained  Assistant  Ogden  to  leave  the  field  early  in  June,  the 
charge  of  the  party  was  devolved  on  Mr.  C.  H.  Sinclair,  who  had  efficiently  aided  in  the  operations 
at  Donaldsonville  and  Natchez.  Mr.  W.  B.  French  was  attached  to  the  party  at  the  opening  of  the 
season,  and  remained  in  the  field  until  the  close  of  operations. 

The  base  line  measured  by  Mr.  Sinclair  was  laid  out  by  Assistant  Hosmer,  and  properly  con¬ 
nected  with  points  of  his  triangulation  of  the  Mississippi  Eiver,  in  the  vicinity  of  Vicksburg.  For 
more  than  half  its  length  the  line  passes  through  the  principal  street  of  the  town  of  Delta,  La., 
the  remainder  of  the  line  ranging  through  adjacent  cotton  fields.  The  length,  as  found  by  Mr.  Sin¬ 
clair’s  measurement,  is  2715.3  meters.  Inclement  weather  delayed  the  completion  of  the  measure¬ 
ment  until  the  29th  of  June. 

The  azimuth  of  a  line  of  the  triangulation,  leading  from  a  station  in  Vicksburg  across  to  a 
station  on  the  island  opposite  to  the  town,  was  determined  by  twenty-one  sets  of  observations  in 
five  positions  of  the  theodolite.  Four  nights  were  occupied  in  that  work.  The  latitude  of  the 
azimuth  station  was  determined  by  Subassistant  Smith,  of  whose  work  mention  will  be  made  under 
another  head. 

After  his  return  to  the  office  and  completion  of  the  computations,  Mr.  Sinjclair  was  assigned  to 
field  duty  in  Section  II. 

Triangulation  of  the  Mississippi  River  near  Donaldsonville^  La. — As  stated  under  a  preceding 
head.  Assistant  F.  W.  Perkins  remained  until,  the  middle  of  April  at  work  in  Section  VI.  After 
transferring  his  party  to  the  charge  of  Subassistaiit  Vinal,  for  continuing  the  survey  of  the  Saint 
John’s  Eiver,  Fla.,  Mr.  Perkins  started  for  New  Orleans,  and  reached  that  port  on  the  27th  of  April, 
1878.  The  schooner  Eesearch  was  at  once  fitted  out  for  extending  the  survey  of  the  Mssissippi 
above  Donaldsonville,  to  which  point  the  triangulation  had  been  carried  in  previous  seasons.  As 
already  mentioned  under  another  head,  a  base-line  was  laid  out  on  the  east  side  of  Donaldsonville. 
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This  was  properly  connected  with  the  preceding  triangiilatiou,  and  to  the  westward  additional 
stations  were  selected  for  continuing  the  work  up  the  river.  Mr.  Perkins  will  remain  in  the  field 
beyond  the  close  of  the  fiscal  year. 

Triangnlation  of  th^  Mississippi  JRivei'  nenr  XntcheZj  Miss, — After  closing  work  which  has  been 
already  mentioned,  Assistant  W.  H.  Dennis  transferred  his  part3^  to  the  vicinity  of  Natchez,  Miss. 
Opposite  to  the  city  and  near  the  west  bank  a  short  base  was  measured  and  connected  with  stations 
above  and  below  Vidjilia.  Proceeding  up  tbe  river  additional  points  were  selected  and  signals  were 
erected  for  including  about  thirty"  miles  of  the  course  of  the  Mississippi.  Tins  work  was  begun  on 
the  22d  of  April,  and  was  continued  until  the  close  of  the  fiscal  .year. 

In  the  immediate  vicinity  of  Vidalia  six  stations  were  occupied  and  twenty-nine  hundred  and 
eighty-two  observations  were  recorded  in  the  measurement  of  horizontal  angles. 

Mr.  F.  C.  Donn  served  as  aid  in  the  party  on  tlie  Mississipj)i  as  well  as  in  Barataria  Bay. 

Mississippi  River  survey  at  Vwksburff. — Early  in  Ax)ril  last.  Assistant  Charles  Hosmer  reached 
Vicksburg,  under  instructions  for  determining  points  by  triangulation  for  the  accurate  survey  of 
the  Mississippi  in  the  vicinity  of  that  city.  A  base  line  was  laid  out  near  tbe  terminus  of  tbe 
Vicksburg  and  Shreveport  Railroad,  and  signals  were  erected  at  tbe  ends  of  the  line.  These  two 
stations  were  occui)ied  with  the  theodolite,  and  x>oints  were  selected  in  connection  with  them  for 
defining  the  bend  of  the  river  above  and  below  the  city". 

By  the  12th  of  IMay"  the  work  at  Vicksburg  had  been  pushed  bey  ond  the  limits  for  which  means 
of  transportation  for  this  pjirty  were  available.  Hence,  when  a  niiml>er  of  points  had  been  deter- 
niined  for  use  in  the  detailed  survey"  near  Vicksburg,  the  party  was  transferred  for  similar  service, 
which  will  be  mentioned  under  tbe  next  bead. 

Mississippi  River  survey  at  Greenville, — For  defining  the  bend  of  the  Mississippi  in  the  vicinity" 
of  Greenville,  Assistant'  Hosmer  marked  out  a  base  line  on  the  east  side  of  the  river  below  the 
town.  Signals  were  erected  to  mark  the  ends  of  the  line  and  to  serve  also  as  stations  for  the  theod¬ 
olite.  Other  points  were  selected  in  connetdion  with  the  base,  but  reconnaissance  for  that  i)urpose 
was  greatly  imi)eded  by  the  extreme  high  water.  The  work  was  however  continued  until  the  24th 
of  May.  The  symopsis  of  statistics  l>elow  includes  the  work  done  in  the  vicinity^  of  Vickslnirg  by 


the  same  party" : 

Signals  erected . 17 

Sti^tions  occupied . IG 

Angles  meiisured .  lol 

Number  of  observations . 79.1 


Tbe  observations  recorded  at  Adcksbnrg  and  Greenville  determined  twenty -seven  points  in 
position. 

After  the  close  of  the  fiscal  year.  Assistant  Hosmer  made  arrangements  for  resuming  field 
work  on  the  coast  of  IMaine,  where  he  had  been  previously"  employed.  Of  that  work  mention  has 
lieeii  made  under  the  head  of  Section  1  in  this  report. 

Latitmle  and  longitude  observations, — Under  the  general  charge  of  Assistant  G.  W.  Dean,  wbo 
directed  the  reriuisite  observations  at  Nashville,  Tenn.,  Subassistant  Edwin  Smith  was  detailed  in 
May  last  to  determine  geograpbical  jmsitions  at  points  along  the  Mississixipi  River,  the  survey 
lieing  then  in  x>rogress.  The  oxierations  conducted  in  person  by  Assistant  Dean  will  be  referred  to 
under  the  head  of  Section  XI II  in  this  report. 

At  Nashville,  Mr.  Dean  observed  iluring  four  nights  in  May  jointly"  with  Mr.  Smith  for  deter¬ 
mining  xiersonal  equation.  The  last-named  observer  then  proceeded  to  Helena,  Ark.,  and  occupied 
a  station  in  the  court-house  grounds.  Tbe  observations  tbere  made  were  however  referred  to  the 
spire  of  the  court-house.  In  the  last  week  of  May",  longitude  signals  by  telegra])h  were  exchanged 
with  Assistant  Dean. 

Five  favorable  nights  were  emidoyed  by  Subassistant  Smith  in  recording  observations  for  the 
latitude  of  the  court-house  at  Helena. 

After  determining  azimuth  for  the  triangulation  mentioned  under  tbe  preceding  head,  Mr. 
Smith  moved  to  Natchez,  Miss.,  where  he  successfully'  exchanged  longitude  signals  with  Mr.  Dean, 
who  remamed  at  Nashville.  Mr.  Charles  Tappan,  who  had  been  previously-  in  the  service,  effi- 
8.  Ex.  13 - 6 
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ciently  assisted  in  the  work  at  Natebez.  Cloudy  and  sometimes  rainy  weather  delayed  the  obser¬ 
vations,  but  by  the  21st  of  June  the  latitude  observations  were  completed. 

At  Vicksburg  a  point  selected  by  fhe  tiiaiigulatiou  party  for  the  determination  of  azimuth 
was  occupi^  by  Subassistant  Smith  as  an  astronomical  station.  Signals  were  exchanged  on  three 
nights  i)receding  the  llth  of  July  for  longitude.  The  latitude  of  the  same  station  was  determined 
by  observations  during  four  nights. 

Mr.  Smith,  accompanied  by  Mr.  Tappan,  reached  Greenville,  JNliss.,  on  the  13th  of  July,  and 
after  due  arrangements  observe<l  for  latitude  at  a  stidion  near  the  Episcopal  church,  referring  the 
results  for  geographical  position  to  the  spire  as  at  stations  already  mentioned.  The  latitude  of  the 
station  was  determined  by  observations  continued  through  three  nights. 

Late  in  July,  Mr.  Smith  returned  to  Xashville,  and  the  mouth  closed  while  observations  for 
personal  equation  were  in  progress. 

The  original  and  duplicate  reconls  of  the  work  of  this  party,  together  with  the  field  computa- 
f  ions,  have  been  received  at  the  office. 

Field  work  previously  conducted  by  Subassistant  Smith  has  ocen  mentioned  under  Section  II 
and  Section  III  in  this  report. 

Trianfinlation^  Mmisnippi  River, — About  fifty-two  miles  of  the  course  of  the  Mississippi,  inclinb 
ing  the  stretch  between  the  Helena  base  line  and  liennett’s  Landing,  have  been  included  in  the 
operations  of  the  party  conducted  by  Assistant  C.  H.  Boyd. 

After  preparations  made  in  November,  1877,  the  steamer  Baton  Boiige  was  moved  from  New 
Orleans  up  the  river  to  the  vicinity  of  Helena,  and  without  delay  an  examination  was  made  for  the 
site,  of  a  base  line.  The  ground  finally  selected  ranges  along  the  west  bank  of  the  river  below 
Helena.  A  base  upwards  of  two  miles  in  length  was  measured  by  Assistant  Boyd,  and  the  ends 
were  securely  marked  in  the  usual  way.  Signals  were  erected  at  the  adjacent  stations,  and  others 
in  succession  at  points  best  suited  for  defining  the  course  of  the  river  in  passing  upwards. 

At  Helena  the  shore  line  of  the  Mississippi  was  traced  and  a  tojmgraphical  survey  was  made 
of  the  town. 

Some  of  the  lines  of  sight  required  for  the  triangulation  entailed  much  labor  and  occasional 
sickness  in  the  party,  the  selected  points  being  accessible  only  by  clearing  avenues  tlirough  swamp 
land,  all  of  which  is  densely  wooded. 

At  a  position  near  the  middle  of  the  base  line  observations  were  recorded  for  latitude,  and  the 
azimuth  of  the  line,  which  in  that  part  of  the  work  was  of  the  average  length  of  the  triangle  sides, 
was  determined. 

Master  W.  Kilbum,  U.  S.  N.,  was  attached  to  this  party,  and  had  charge  of  the  vessel.  He 
also  assisted  efficiently  in  the  field  operations.  The  statistics  are : 

Stations  occupied  . . . . 

Angles  measured . . 

Number  of  observations . 

Shore  lines  traced,  miles . 

Creeks  and  bayous,  miles  ....  — 

Roads,  miles.. . 

Area  of  topography,  square  miles 

Sixty  six  points  were  determined  by  the  triaugulation. 

Field  work  was  discontinued  at  the  end  of  June.  Mr.  C.  II.  Van  Orden,  w  ho  C4)-oi)erated  in 
the  work  on  the  Mississippi,  was  then  assigned  to  service  in  Section  I.  Mr.  Bion  Bradbury  served 
as  pay  yeoman  and  recorder. 

Triangulation, — Soon  after  the  opening  of  the  i>resent  fiscal  year,  and  while  the  field  work  was 
in  progress  at  Gunter’s  Mountain,  in  Northern  Alabama,  Assistant  F.  P.  Webber  died  in  camp,  of 
bilious  remittent  fever,  as  mentioned  in  my  last  annual  repoi  t.  By  this  sad  event  the  charge  of 
the  triangulation  party  was  devolved  on  Assistant  F.  D.  Granger.  Prof.  A.  H.  Buchanan  was  at 
the  same  time  temporarily  attached  to  the  part3",  and  engaged  in  the  measurement  of  horizontal 
angles  while  means  were  in  progress  for  bringing  into  view  the  signal  which  had  been  set  at  Sum¬ 
mit,”  a  station  southwest  of  Guntersville.  The  work  at  Gunter’s  w  as  completed  on  the  18th  of 
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August,  ami  without  delay  the  iiistrumeuts  were  transferretl  to  a  station  near  Himtsville.  Pro-* 
lessor  Buchanan  soon  after  resunie<l  his  field  work  in  Tennessee,  leaving  Mr.  Granger  at  Rowe’s 
Mountain,  where  the  angular  measurements  requisite  were  not  completed  until  the  9th  of  October, 
1877.  Frequent  rains  and  strong  winds  much  delayed  operations  at  that  station.  Of  necessity, 
the  trii>od  for  the  theodolite  was  sixty-seven  feet  above  the  summit  of  the  mountain,  and  hence 
reliable  observations  could  be  recorded  only  during  good  weather. 

Summit  Station  was  occupied  in  the  middle  of  October,  and  the  requisite  observations  were 
completed  there  near  the  end  of  the  month. 

To  the  westward  of  Decatur  a  station  has  been  selected  and  permaneiitl}'  marked,  and  will  be 
occupied  in  the  further  progress  of  the  work. 

At  the  three  stations  occupied  by  the  party  in  the  course  of  the  season,  horizontal  and  vertical 


augles  were  measured.  The  statistics  are: 

Stations  occupied .  3 

Number  of  i>ointings  for  horizontal  angles .  1, 042 

Number  of  pointings  for  vertical  angles .  1, 349 


During  the  winter  Assistant  Granger  completed  the  computations  and  other  office  work  per¬ 
taining  to  his  field  operations. 

In  May  of  the  present  year  a  general  reconnaissance  was  begun  by  Mr.  Granger  of  the  region 
between  the  Mississippi  River  and  Huntsville.  Difficidties  like  those  heretofore  reported  oppose 
the  rapid  prosecution  of  work.  The  summits  are  mostly'  about  equal  in  height  and  are  heavily 
timbered,  both  conditions  being  unfavorable  for  the  selection  of  stations.  Some  in  consequence 
will  require  elevated  platforms  for  the  theodolite ;  and  at  several,  the  requisite  lines  of  sight  must  be 
opened  through  timber.  .  Notwithstanding  many  impediments,  the  field  report  gives  promise  of  the 
nltimate  development  of  a  scheme  of  triangulation  with  lines  of  the  length  required  in  primary  work. 

Assistant  Granger  was  temporarily  aided  in  the  field  by  Mr.  A.  P.  Barnard. 

When  the  fiscal  year  closed,  Mr.  Granger  was  engaged  in  selecting  stations  in  the  neighborhood 
of  Ripley,  Miss. 

Primary  triangulation, — As  already  mentioned  under  the  head  of  Section  IV  in  this  report, 
Assistant  C.  O.  Boutelle,  in  the  course  of  the  fiscal  year,  closed  at  a  station  in  North  Carolina  the 
chain  of  quadrilaterals  that  stretches  from  the  Kent  Island  base  line  in  Maryland  southward  and 
westward  to  the  base  line  near  Atlanta,  Ga.  The  winter  was  employ  ed  in  computations  pertaining 
to  that  work.  On  the  1st  of  April  Mr.  Boutelle  resumed  field  operations.  After  completing  the  * 

arrangements  of  his  ])arty  for  work  in  Northern  Alabama,  he  proceeded  to  the  westward  of  the 
Atlanta  base  line  and  resumed  w  ork  for  extending  the  triangulation  which  had  been  in  charge  of 
the  late  Assistant  Webber. 

Assistant  Boutelle,  after  making  a  reconnaissance  in  hope  of  finding  stations  that  would  be 
intervisible  from  the  ground,  was  constrained  to  erect  a  platform  seventy  feet  high  for  the  theodo¬ 
lite.  This  structure  is  on  Wilson’s  Mountain,  in  Northern  Alabama.  At  the  close  of  the  fiscal 
year  the  twenty-inch  theodolite  was  in  position  and  the  measurement  of  horizontal  angles  was  in 
progress. 

SECTION  IX. 

TEXAS  AND  INDIAN  TERRITORY. -(Sketch  No.  16.) 

Meeonnaiissaneej  comt  of'  Texas, — For  extending  the  survey  by  triangiilation  betw  eeu  Sabine 
Pass  and  the  head  of  Galveston  Bay  a  carefid  examination  has  been  made  by  a  party  under  the 
charge  of  Assistant  H.  G.  Ogden.  The  party  left  Galveston  on  the  27th  of  December,  1877,  and 
going  northward  and  eastward  traversed  the  Gulf  coast  for  about  fifty  miles,  noting  in  the  journey 
the  features  of  country  that  might  avail  for  the  purposes  of  the  survey.  This  stretch  of  the  coast 
of  Texas  is  marked  by  a  series  of  lakes  between  which  and  the  beach  the  ground  is  marshy  and  in 
some  places  soft.  “  Beginning  at  the  High  Islands  the  country  for  twenty  miles  to  the  eastward 
i.s  a  continuous  marsh  four  to  five  miles  wide,  and  at  only  two  places  is  it  practicable  to  cross  the 
marsh  with  hoi*ses.  The  adjacent  Gidf  shore  is  a  fine  beach,  with  a  narrow  sand  and  shell  levee 
immediately  back  of  it,  having  an  elevation  of  one  to  three  feet  above  the  high-water  line.” 
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At  a  point  about  twenty-one  miles  cast  of  the  Hit'll  Islands  the  beach  terminates,  and  the 
remaining  twelve  miles  of  Gulf  shore,  on  approaching  Sabine  Pass,  is  soft  marsli.  The  course  of 
the  party  was  consequently  deflected  beyond  the  water  line  across  Texas  Point,  over  which  by  a 
very  boggy  trail  Mr.  Ogden  readied  Saliine  Gity.  llis  report  on  the  results  of  the  reconnaissance 
points  out  that  beyond  the  broad  belt  of  marsh  the  Mound  Prairie'’  afl'onls  firm  foundation  for 
the  erection  of  signals.  The  prairie  can  be  rea<*hed  through  the  marsh  by  the  two  ga[KS  or  inter¬ 
vals  before  mentioned,  the  ground  being  such  as  to  admit  the  ]»assage  of  horses. 

Assistant  Ogden  was  accompanied  in  this  reconnaissance  by  Mr.  C.  U.  Him  lair.  xVfter  noting 
and  reiiorting  what  seemeil  practicable  as  facilities  for  the  determination  of  points  by  which  to 
define  the  shore  line  of  the  Gulf,  and  of  the  lakes  and  other  features  in  its  immediate  vicinity,  tlxe 
party  proceeded  eastward  from  Sabine  I^iss,  and  n.‘ached  the  Mermentoii  River  on  the  2lst  of 
January.  At  the  settlement  it  was  ascertained  that  in  advancing  towards  Vermilion  Bay  eight 
bayous  would  be  encountered,  and  that  they  could  be  crossed  only  by  swimming  the  saddle  horses 
used  in  the  reconnaissance.  This  was  deeme<l  inexpedient,  as  the  weather  was  cold  and  forage 
too  scant  for  animals  under  hardship.  Assistant  Ogden  and  his  aid,  in  conseqnenci*,  left  their 
horses  in  pasture  at  Grand  Gheniere,  and  hired  a  small  light  skirt*  that  could  be*  hauled  up  on  the 
Gulf  beach  at  the  appioach  of  bad  weather.  Big  Freshwater  Bayou  was  reached  on  the  -Sth  of 
January,  and  from  thence  the  party,  going  eastward,  arrived  at  the  western  entrance  of  Vermilion 
Bay  at  the  end  of  January.  After  making  the  usual  notes,  Mr.  Ogilen  returned  by  the  same  route, 
and  was  again  at  Galveston  in  the  middle  of  February. 

The  field  report  shows  that  for  triangulation  between  Galveston  and  Vermilion  Bay  the  main 
rebance  must  be  on  facilities  atlorded  by  the  ‘‘Ridge  Gountry,"  the  characteristics  of  which  are  thus 
referred  to  by  Assistant  Ogden  :  “The  riilges  consist  of  narrow  strips  of  firm  land  running  [larallel 
to  the  coast  and  to  each  other,  or  at  very  slight  angles,  but  some  ai)pear  ;is  if  thrown  out  of  line 
in  the  vicinity  of  the  water  courses.  They  are  from  forty  to  four  hundred  meters  wide,  and  have 
elevations  of  from  three  to  five  feet.  Between  the  ridges  there  is  always  a  strip  of  marsh,  usually 
soft,  and  ouly  passable  on  certiiin  trails.  Some  of  these  marsh  strips  are  several  miles  in  width. 

“Very  few  trees  are  found  in  this  section  except  on  the  ri<lges  nearest  to  the  coast,  and  even 
on  those  the'  growth  is  stunted  and  sparse  as  far  east  as  Le  Bove  Bayou,  which  is  six  miles  west 
of  Mermentoii  River.  At  that  bayou  a  growth  of  large  live  oaks  commences  and  continues  east- 
•  waixl  over  Grand  Gheniere  and  Pecan  Island.’’ 

The  report  of  Mr.  Ogden  was  accompanied  by  copious  notes  ami  by  a  sketch  showing  a  scheme 
of  triaiigulation.  The  residents  along  the  route  followed  manifested  uniform  kindness  to  the  party. 
Thanks  are  due  also  for  the  attentions  given  by  ]dr.  William  Lane,  superintendent  of  the  United 
States  engineer  works  at  Bolivar  l^oint,  and  by  the  assistant  engineer,  Mr.  Heyward,  at  Sabine 
Gity.  Mr.  Frank  Gonzales,  Judge  Henry,  and  L.  J.  Tansey,  of  Leesburg,  .Mr.  William  Grillith,  and 
other  residents  to  the  eastward  of  Grand  Gheniere  showed  special  courtesies  to  the  part^’  in  fur¬ 
therance  of  the  objtKits  of  the  reconnaissance. 

Triangttlation  of  iMguna  Madre^  Tex. — At  the  opening  of  the  fiscal  year  this  work  was  resumed 
by  Assistant  R.  E.  Halter.  In  extending  the  triangulation  south  of  Batlin's  Bay,  the  only  suitable 
jilace  found  for  the  camp  was  upwards  of  seven  miles  from  any  landing  by  which  the  party  could 
receive  supidies.  The  region  is  very  Siiudy  and  access  difficult.  Among  other  hinderances  arc 
patches  of  salt,  boggy  slush,  in  passing  which  the  men  of  the  party  sunk  half-knee  deep  while 
carrying  lumber  for  the  erection  of  signals.  Very  little  water  was  found  in  the  laguna,  and  in 
some  phu*es  there  was  none  during  the  stay  of  the  ])arty.  As  before  remarked,  the  depth  depends 
almost  entirely  upon  the  wind,  the  shallow  water  in  considerable  stretches  being  forced  southward 
by  northei*s  that  while  the  wind  prevails  leaves  the  bottom  of  the  laguna  bare.  At  times  the 
places  thus  left  dry  are  fordable  whei'e  the  bottom  is  not  boggy.  The  statistics  of  work  done  by 
the  party  in  the  course  of  the  fiscal!  year  are: 


Signals  em*ted .  .  17 

Stations  occupied . .  13 

Angles  measui*ed . - .  1()9 

Numlier  of  observations . .  . : .  12,  244 
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In  the  course  of  the  season  now  entered  upon  it  is  Ifopetl  that  the  triangulation  may  be  com¬ 
pleted  to  the  Rio  Grande  boundary. 

Magnetic  ohser cations, — In  accordance  with  the  system  arranged  last  year  by  which  observa¬ 
tions  for  the  magnetic  declination,  dip,  and  intensity  will  be  restricted  to  stations  that  most  readily 
combine  in  results  with  the  results  already  obtained,  a  series  of  points  was  marked  in  ]\Iay  last 
for  occupation  in  the  course  of  the  calendar  year.  The  liehl  work  was  intrusted  to  Mr.  James  B, 
Baylor.  At  the  end  of  May,  Dollar  Point,  on  the  coast  of  Texas,  was  occupied,  and  in  the  follow¬ 
ing  month  Austin,  Hempstead,  and  Groesbeck,  in  the  interior,  and  also  a  position  at  Yiuita,  in 
Indian  Territory.  (See  sketch  Xo.  25.) 

At  the  close  of  the  fiscal  year,  Mr.  Baylor  was  at  Fort  Worth,  which  station  with  others, 
making  in  the  aggregate  about  thirty  positions  between  the  Gulf  of  JMexico  and  Ogden,  near  Salt 
Lake,  will  be  included  in  the  work  of  the  season.  The  statistics  of  the  work  and  particulars  in 
regard  to  the  stations  will  be  given  in  my  next  annual  report. 

SECTION  X. 

CALIFORNIA.— (Sketcuks  Nos.  17,  18,  and  19.) 

San  Diego  Harbor^  Cal, — To  meet  inquiries,  which  were  frequent  in  the  course  of  the  winter, 
concerning  the  present  condition  of  the  harbor  at  San  Diego,  the  party  of  Lieut.  Commander  G. 
AA'.  Cofiiu,  U.  S.  X.,  Assistant  Coast  and  Geodetic  Survey,  was  detailed  at  the  end  of  January, 
1878,  to  make  a  partial  survey  of  the  bar  and  i)arts  of  the  bay.  Soundings  were  continued  in  that 
locality  until  the  end  of  March,  1878,  when  the  steamer  returned  to  the  vicinity  of  (hitalina  Island, 
where  the  party  had  been  previously  engaged.  The  work  done  there  will  be  the  subject  of  men¬ 
tion  under  a  subsequent  head. 

The  survey  made  by  Lieutenant  Commander  Coffin  at  San  Diego  shows  that  the  curves  of 
dift'ereut  depths  have  not  materially  changed  within  the  last  six  years.  It  is  also  noticed  in  his 
report  that  freshets  in  San  Diego  River  seem  not  to  have  atiected  the  harbor  or  the  outside  bar. 
The  soundings  were  made  during  a  very  severe  winter,  in  the  course  of  which  the  hyilrogniphic 
party  had  reason  to  note  the  character  of  the  place  as  a  harbor  of  refuge.  Special  mention  in 
regard  to  safety  aud  smoothness  is  made  in  the  report  of  Lieutenant  Commander  Coffin,  The 


statistics  of  the  work- are: 

Miles  run  in  sounding  .  852 

Angles  measured .  2, 421 

Number  of  soundings .  10, 202 


Lieutenant-Commander  Coffin  was  assisted  in  the  siuwey  at  San  Diego  by  Lieuts.  W.  W.  Gil- 
patrick,  F.  J.  Drake,  C.  W.  Jarboe,  and  W.  H.  Driggs,  U.  S.  N.,  and  by  Master  R.  ^litchell,  U.  S. 
N.  In  this  and  other  localities  in  which  the  party  worked  in  the  course  of  the  year,  ninety  signals 
were  erected  for  the  adjustment  of  soundings. 

Triangulation  across  the  Santa  Barbara  Channel. — In  order  to  complete  the  geodetic  connection 
l>et\veeu  the  Santa  Barbara  Tslands  and  stations  of  the  primary  triangulation  along  the  adjacent 
coast  of  California,  arrangements  were  made  in  the  spiingof  the  present  year  for  occupying  a  point 
on  Santa  Barbara  Island. 

Mr.  D.  B.  Waiuwright,  to  whom  this  work  was  committed,  erected  signals  at  San  Pedio,  and 
Las  Bolsas  on  the  main.  A  third  was  put  up  on  Catalina  Peak,  and  the  fourth  on  the  summit  of 
San  Clemente  Island. 

In  June,  after  closing  the  angular  measurements  at  Santa  Barbara  Island,  Mr.  AVainwiight 
moved  to  the  sLition  on  San  Clemente,  and  was  there  engaged  at  the  close  of  the  fiscal  year  to 
which  this  report  corresponds  in  time. 

Catalina  Peak  will  be  occupied,  if  practicable,  in  the  course  of  the  seiison.  As  usual,  the  fogs 
have  been  heavy  and  so  continuous  as  to  afford  only  occasional  opportunity  for  the  measurement  of 
angles.  The  work  now  in  progress  it  is  hoped  will  serve  for  determining  in  relative  position  all  the 
islands  in  the  vicinity  of  the  Santa  Barbara  Channel. 

Hydrography  of  the  Santa  Barbara  Channel^  Cal. — With  his  party,  in  the  steamer  McArthur, 
Lieut.  Frank  Courtis,  U.  S.  N.,  Assistant  Coast  and  GecMietic  Survey,  filled  five  sheets  with  sound¬ 
ings  between  the  opening  of  the  fiscal  year  and  the  end  of  December,  1877.  Two  of  these  repre- 
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sent  the  inshore  hydrography  to  (he  eastward  of  Point  Coneepeion,  an<l  a  thinl  shows  the  charac¬ 
ter  of  the  Santa  Barbara  Channel  betwee^i  the  main  and  San  Miguel  and  Santa  Kosa  Islands.  On 
the  fourth  sheet  the  hydrography  of  the  vicinity  of  Point  Aiguello  is  developed,  and  the  space 
between  that  survey  and  Point  Conce]>cioii  is  re|>reseut(Ml  by  the  lifth  sheet  oi'  soundings.  Tides 
were  observed  at  Gaviota  while  the  hydrography  was  in  progress.  Lieutenant  Courtis  was  assisted 
by  Lieuts.  E.  H.  C.  Leut/.e  and  E.  K.  Moore,  U.  S.  N.,  and  by  Masters  J.  11.  Jbill  and  11.  H.  Galt, 
U.  S.  N. 

At  the  eastern  end  of  Santa  Barbara  Channel  the  hydi‘ograi»hy  was  resumed  early  in  April, 
with  the  same  party,  in  charge  of  Lieutenant  Leutze,  and  the  work  was  continued  through  the 
fiscal  year.  Soundings  inside  (»f  the  Santa  Barbara  Islands  are  now  continuous  between  Point 
Dume  and  Point  Coucei)cion.  During  the  present  season  the  tides  have  been  observed  at  Point 
Hueneme.  In  a«ldition  to  the  oflic'crs  already  mentioned  tis  atta4*hed  to  the  McArthur,  Lieutenant 
Leutze  has  been  assisted  by  Lieut.  E.  S.  Prime,  U.  S.  N.,  who  Joined  the  party  in  March  last. 

Two  hydrographic  sheets  have  been  filled  w  ith  soundings  by  the  woik  done  between  March 
and  flnly  of  the  present  year.  A  third  sheet  of  work  is  in  progress  to  reprt^sent  soundings  to  the 
eastward  of  Anacapa  Island.  The  aggregate  statistics  of  work  done  under  the  direction  of  Lieu¬ 
tenants  Courtis  and  Leutze  are : 


Miles  run  in  sounding . . .  1, 410 

Angles  measured ....  .  4, 192 

dumber  of  soundings .  .  14, 214 


Topography  of  Catalina  Idanrl^  Cal. — The  detailed  survey  of  this  island  was  resumed  by  Assist¬ 
ant  Stehman  Forney,  on  the  9th  of  April,  and  was  continued  during  IVlay  and  June.  Operations 
have  been  much  retarded  by  fog  and  rain,  but  the  work  w  ill  advance  during  the  summer.  At  the 
opening  of  the  present  fiscal  year  it  was  estimated  that  the  plane  table  work  could  be  finished  by 
the  1st  of  September.  This  report,  as  usual,  takes  account  of  work  done  previous  to  the  Ist  of 
July;  hence,  the  details  prosecuted  after  that  date  will  be  the  subject  of  notice  in  my  next  annual 
report.  At  the  end  of  June,  of  the  present  year,  the  statistics  of  work  done  in  the  survey  of 


Catalina  Island  were : 

Signals  erected .  . 64 

Miles  of  shore  line  surveyed . . .  6 

Square  miles  of  topography . . . . .  18^ 


Contour  lines  on  the  plane-table  sheet  of  this  season  rei»reseut  elevations  of  as  much  as  sixteen 
hundred  and  seventy  feet. 

Hydrography  near  Catalina  Inland^  Cal. — In  September,  1S77,  after  the  completion  of  work, 
which  will  be  mentioueil  under  a  scqmrate  head  in  the  next  section,  the  steamer  Ila^ssler  retunietl 
to  San  Francisco  and  underwent  needful  repairs.  Lieutenant  (\nnmander  Cothn,  with  his  party  in 
that  vessel,  left  port  on  the  oth  of  December,  and  eommeuecd  soundings  in  the  ap])roaehes  to 
Catalina  Island.  Tlie  work  there  was  continued  until  the  22d  of  January,  when  the  party  was 
assigned  to  service  at  San  Diego,  as  alrca^ly  stated  in  a  preceding  item  in  this  report. 

At  the  end  of  March,  1878,  the  Ilasslor  iH>turned  to  Catalina,  and  resumed  the  hydrograi)hy  of 
the  tipproaches  to  that  island.  By  the  close  of  June  the  work  done  luul  included  the  western 
approach,  and  souudiugs  along  the  north  and  south  sides,  to  points  about  midway  in  the  length  of 
the  island. 

While  working  on  the  north  side  the  Hasslerw  as  anchored  every  night  either  in  Isthmus  Cove 
or  Dakin’s  Cove.  Respecting  these,  as  places  of  shelter,  Lieutenant-Commander  Coffin  remarks: 

Vessels  will  find  in  either  a  good  lee  with  comparatively  smooth  water.  As  the  island  is  high, 
and  the  approaches  bold,  vessels  nuiy  with  safety  get  close  in  where  they  will  find  the  wind  very 
much  broken.  These  are  excellent  summer  anchorages,  as  Long  Point  and  Red  Point  [iroject  suffi¬ 
ciently  to  turn  aside  the  strongest  northwest  winds,  and  in  neither  of  these  tw^o  coves  is  there  ever 
much  sw  ell. 

‘‘On  the  north  side  of  the  island  only  one  anchorage  can  be  used  (Catjilina  Haibor),  and  that, 
in  my  opinion,  is  not  so  good  a  southeast  or  northwest  anchorage  as  Isthmus  Cove,  in  which  there 
is  more  room  for  veering.  There  are  many  good  boat  landings  on  the  north  side  of  Catalina  Island, 
but  only  two  on  the  south*side.” 
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At  tbe  end  of  the  fiscal  year  for  which  this  report  is  made  iip,  the  statistics  of  hydrographic 
work  in  the  vicinity  of  the  island  were : 

Miles  run  in  sounding  . . . . . .  239 

Angles  measured . . .  2, 06G 

Number  of  soundings . . .  .  1, 427 


Lieuts.  W.  W.  Gilpatrick,  P.  J.  Drake,  C.  W.  Jarboe,  and  W.  H.  Driggs,  U.  S.  N.,  and  Master 
E.  Mitchell,  U.  S.  N.,  were  attached  to  the  hydrogi-aphic  ])arty  in  the  steamer  Hassler. 

Topography  of  Pomt  Arguello^  Cal, — At  the  opening  of  the  fiscal  year  which  began  July  1, 1877 
Assistant  A.  W.  Chase  was  advancing  the  topographical  survey  of  the  coast  of  California  in  the 
vicinity  of  Point  Arguello,  as  stated  in  my  last  annual  report.  The  detailed  work  was  continueil 
northward  to  a  station  several  miles  above  Point  Padernales.  In  general  all  the  features  of  ground 
within  two  miles  of  the  coast  line  are  represented  on  the  plane-table  sheets.  For  the  use  of  the 
light  house  service,  tracings  have  been  furnished  to  Lientenant  Colonel  Williamson,  engineer  of  the 
twelfth  district.  The  topographical  survey  w  as  closed  at  the  end  of  August. 

Survey  south  of  Point  Sal, — For  defining  the  coast  northward  of  the  limits  reached  in  the  work 
mentioned  .under  the  last  head,  Assistant  W.  E.  Greenwell  took  the  field  in  April  last.  His  own 
triangulation  of  a  previous  year  had  reached  to  stations  above  Point  Arguello.  Others  were  occu¬ 
pied  to  the  northward  as  far  as  Point  Sal.  The  plane  table  survey  had  been  previously  advanced 
as  far  as  the  Ynez  River,  where  the  topogiaphy  was  taken  up  by  Mr.  Greenwell  and  extended 
northward  within  the  limits  of  his  triangulation.  The  work  was  in  progress  at  the  close  of  the 
fiscal  year,  and  will  be  the  subject  of  further  mention  in  my  next  annual  report.  The  early  part 
of  the  fiscal  year  was  passed  by  Assistant  Greenwell  in  the  vicinity  of  Los  Angeles,  in  the  endeavor 
to  advance  the  coast  triangulation,  but  continued  hazy  weather  made  it  inexpedient  to  continue  at 
that  site  of  work. 

In  the  course  of  the  autumn  and  winter  a  detailed  survey  was  made  of  the  vicinity  of  the  town 
of  Santa  Barbara.  All  the  artificial  features  which  were  mapped  at  that  time  have  been  marked 
on  the  original  sheet  of  the  neighborhoo<l  of  the  town. 

Topography  south  of  Point  ShTj  Cal, — The  toimgraphy  of  the  coast  of  ("alifornia,  in  the  vicinity 
of  Point  Sur,  was  resumed  by  Assistant  A.  F.  Rodgers  early  in  Novt*ml>er,  1877.  Along  the  entire 
region  the  coast  is  a  succession  of  heights  sepanited  by  deep  ami  narrow  gorges.  These  are  filled 
with  a  growth  of  timl)er,  and  the  sides  of  the  gorges  are  too  steep  to  admit  of  the  use  of  instru¬ 
ments  for  delineating  the  adjacent  filatures  of  topography. 

In  previous  seasons  the  plane-table  survey  of  the  coast  ha<l  l)een  extended  from  Monterey  Bay 
to  a  point  about  four  miles  north  of  Point  Sur.  For  continuing  the  work,  Mr.  Roilgers  arranged 
a  temporary  camp  to  the  northward  of  tlie  point  and  mapped  in  the  ground  southw  ard  of  Sierra 
Canon,  at  which  the  previous  detailed  survey  ha<l  been  su8i)en(red.  In  the  latter  part  of  January 
he  joined  with  the  local  survey  of  Point  Sur,  and  then  continued  southward  .and  eastward  of  Coop-^ 
er’s  Point,  which  is  about  six  miles  distant  from  the  first-named  headland.  The  plane-Lable  sheet 
represents  the  coast  features,  the  outlying  rocks,  .and  the  contours  found  within  about  <a  mile  .and  a 
quarter  of  the  shore  line. 

Until  the  close  of  the  fiscnl  year,  Mr.  D.  B.  WaiuAviaght  served  as  aid  in  this  party.  He  was 
then  assigned  to  the  charge  of  work  which  will  be  the  subject  of  notice  in  my  next  annual  report. 
Assistant  Rodgers  at  the  same  time  resume<l  the  reconnaiss.ance  for  trans  continental  triangulatiou. 
Tbe  statistics  of  the  topogniphical  work  near  Point  Sur  are: 


Shore  line  surveyed,  miles . . .  14 J 

Creeks,  miles .  8 

Roads,  miles . 5 

Area  of  toi>ography,  squ.are  miles .  12 


Tidal  observations, — Details  pertaining  to  the  tidal  records  of  the  Pacific  coast  have  been 
directe<l  for  some  time  by  Prof.  George  Davidson,  Assistant  Coast  and  Geodetic  Survey.  Among 
these  was  a  plan  for  the  transfer  of  the  tide  gauge  from  Fort  Point,  on  the  south  side  of  the  Golden 
Gate,  to  Saucelito,  which  is  inside  of  San  Francisco  Bay,  and  not  far  from  the  north  side  of  the* 
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entrance.  When  the  self-registering  tide  gauge  was  started  at  Saucelito  a  temporary  observer  was 
stationed  at  Fort  Point  for  the  purpose  of  establishing  good  tide  levels  between  the  two  places. 
The  object  was  satisfactorily  accomplished  in  November,  1877,  when  the  Fort  Point  record  was 
closed.  The  tide  gauge  at  Saucelito  is  now  working  well  under  the  care  of  Idr.  E.  Gray. 

Triangulation, — Assistant  George  Davidson,  while  occupying  Mount  Helena  and  Mount  Diablo, 
observed  on  signals  over  lines  ranging  in  length  from  one  hundred  and  twenty  to  one  hundred 
and  forty-two  miles.  The  horizontal  lines  were  measured  with  a  twenty-inch  theo<lolite,  in  which, 
as  the  work  advanced,  Ihofessor  Da\  idson  noticed  certain  peculiarities  of  the  microscope  microme¬ 
ters,  and  in  order  to  verify  the  results  obtained  with  the  instrument,  a  careful  examination  was 
instituted.  For  testing  the  graduation,  upwards  of  fifty-two  thousand  readings  with  the  microme¬ 
ters  were  recorded.  Ju  a  spe(*ial  report.  Assistant  Davidson  furnished  data  which  will  not  only 
l)e  applied  in  the  reduction  of  the  angular  measurements  and  the  azimuth  determinations,  but 
afford  means  for  guidance  in  the  construction  of  new  instruments,  and  point  out  the  class  of  errors 
to  be  looketl  for  in  all  theodolites. 

The  field  records  of  work  done  in  the  Davidson  quadrilateral  have  been  duplicated  and  placed 
in  the  office.  These  comprise  in  twenty-seven  volumes  the  observations  for  horizontal  and  vertical 
angles,  and  for  time,  latitude,  and  azimuth;  also  descriptions  of  the  stations. 

In  previous  reports  mention  has  been  made  of  the  necessity  for  inigation  in  some  of  the  val¬ 
leys  of  California,  and  of  the  i^art  taken  by  Mr.  Davidson  in  develo])ing  methods  for  the  pur[)Ose. 
His  remarks  on  the  systems  now  in  jiractice  in  Europff  and  India,  when  published,  led  to  an  official 
request,  which  was  met  by  an  oral  address  before  the  legislature  of  Califomia.  In  this.  Assistant 
Davidson  brought  before  the  x>ublic  a  comiu*ehensive  review  of  the  subject  as  ajiplicable  to  the 
great  valleys  of  that  State. 

Under  the  direction  of  Mr.  Davidson  the  cnmpilation  of  material  for  the  Coast  Pilot  of  Oregon, 
Washington  Territory,  and  California  has  been  continued  by  Assistant  Gershom  Bradford.  The 
surface  and  subcurrents  of  8an  Francisco  Baj^  have  been  plotted  for  each  quarter  of  the  flood  and 
ebb  tides;  and  to  aiil  in  the  study  of  the  currents.  Assistant  Davidson  projected  a  chait  on  which 
the  bottom  of  the  bay  is  shown  by  lines  of  contours  derived  from  the  hydrogi'aphic  sheets. 

Subassistant  B.  A.  (^olonna  and  Mr.  J.  F.  Pratt  aided  in  the  operations  conducted  by  Assistant 
Davidson  in  this  section  and  also  in  Section  XI.  Mr.  1).  B.  Wainwright,  during  part  of  the  season, 
was  employed  in  the  sub-office  at  San  Fiancisco. 

On  the  Oth  of  I^Iay  last,  Mr.  Colonna  observed  the  transit  of  Mercury  acinss  the*  sun’s  disk 
from  a  station  near  the  Central  Pacific  Bailroad.  Mr.  Pratt  observed  the  transit  with  a  separate 
instrument.  The  station  occnj)ied  has  an  elevation  of  rather  more  than  seven  thousand  feet  above 
the  ocean  level.  Assistant  Davidson  had  previously  a iTanged  for  these  observations,  but  was  at 
that  date  on  his  way  to  attend  the  International  Exposition  at  Paris,  where  he  will  insi>ect  and 
report  upon  instruments  intende<l  for  geodetic  pur[>oses  and  practical  astronomy,  hydrograi>hy, 
and  other  branches  of  work  cognate  to  the  operations  of  the  survey. 

The  field  work  conducted  by  Assistant  Davidson  in  the  autumn  of  1877  will  be  mentioned  in 
the  next  chapter.  During  his  absence  in  Europe,  the  office  details  in  San  Francisco  were  directed 
by  Assistant  Rodgers.  The  calls  for  information  contained  in  the  records  add  original  sheets  of  the 
s^urvey,  involve  as  heretofore  a  wide  range  in  subjects,  and  much  care  and  attention  additional  to 
the  work  of  the  assistant  who  meets  the  inquiries. 

ReconnaisHance. — When  my  rejiort  of  last  year  closed;  Assistant  Cleveland  Rockwell  was 
engaged  in  selecting  points  for  the  main  triangulation  which  is  to  pass  northward  from  the  vicinity 
of  Point  Arenas.  Beginning  at  Sanel  Mountain  and  Walalla,  both  of  which  had  been  observed 
upon  from  i)rimary  stations  to  the  southward,  the  country  was  closely  examinexl  to  the  northward, 
and  t\Nn  j)oints  were  chosen  for  com])leting  the  quadrilateral.  While  passing  on  towards  Mendo¬ 
cino  City  several  subsidiary  peaks  were  visited  as  alternative  points  in  the  scheme,  but  stations 
beyond  were  finally  chosen.  In  this  region  it  was  found  extremely  difficult  to  observe  on  distant 
points  because  of  the  density  of  the  redwood  forest.  North  of  the  Noyo  River  the  Cahto  range  of 
mountains  crossed  the  direction  of  the  intended  chain  of  ipiadrilaterals.  Of  necessity  a  point  of 
that  range  was  selected,  and  to  regain  the  scale  de-sirable  in  regard  to  length  of  bnes,  a  lateral  sta¬ 
tion  was  added  on  the  eastern  side  of  the  scheme,  by  means  of  which  suitable  lines  were  projected 
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to  the  vicinity  of  Shelter  Cove  and  to  a  peak  at  the  south  fork  of  Eel  Kiver.  Both  of  these  last- 
named  points  had  been  under  consideration  when  Assistant  Eoekwell  visited  the  same  region  last 
year. 

Above  Shelter  Cove  a  good  figure  was  obtained  by  including  as  stations  of  the  scheme  Kain- 
bow  Mountain  and  Lariby  Butte,  but  with  a  disadvantage  in  respect  of  distance  from  the  coast. 
At  Humboldt  Bay  a  station  was  included,  and  in  connection  with  it  a  sffmmit  on  the  east  side  of 
Mad  Kiver.  North  of  these  points  careful  search  was  extended,  but  without  success  in  the  mldition 
of  quadrilaterals.  In  general,  therefore,  after  marking  two  summits  to  the  northward,  jVIr.  lioek- 
well  went  back  and  occupied  an  interior  ])oint  at  which  four  triangles  would  converge.  Tlie  last 
figure  added  to  the  scheme  carries  the  plan  of  triangulation  to  the  vicinity  of  Cape  Blanco.  Some 
of  the  points  from  which  observations  were  made  are  upwards  of  four  thousand  feet  above  the  level 
of  the  sea.  During  the  summer  the  heat  of  the  rocks  in  the  ascent  was  found  very  oppressive  by 
the  party.  Much  of  the  region  traversed  is  extremely  rough  and  destitute  of  trails. 

On  the  9th  of  October,  while  Mr.  Bockwell  was  yet  in  the  field,  the  rains  set  in  and  the  streams 
were  quickly  filled  so  that  crossing  became  dangerous.  As  it  was  acljudged  expedient  to  defer 
oi>erations,  the  party  returned  by  way  of  Portland  and  Astoria  to  San  Francisco. 

From  the  records  kept  by  Assistant  Rockwell  a  full  report  was  made  showing  the  conditions 
of  each  of  tlie  selected  stations  with  regard  to  aeccvssibility,  facilities  for  wood  and  water,  and  the 
amount  of  cutting  needful  to  open  the  several  lines  of  sight.  Some  of  the  points  included  in  the 
sclieme  are  bare  of  trees,  other  summits  are  covered  by  brush,  and  some  of  them  by  heavy  timber. 

Of  upwaid  of  fifty  stations,  from  which  angles  were  measured  with  a  small  theodolite,  nineteen 
were  included  in  the  plan  for  triangulation.  Incidental  determinations  were  «also  made,  for  which 
Mr.  Rockwell  plotted  seventy  other  points  in  approximate  positions. 

Trmisit  of  Mercwy. — As  already  mentioned,  the  transit  of  the  Gth  of  May  w^as  successfully  ob- 
seived  by  Assistant  Colonua  and  Mr.  Pratt  at  Summit,  a  station  on  the  Central  Pacific  Railroad. 
The  position  selected  for  the  instruments  is  seventy-one  hun<lred  and  fourteen  feet  above  the 
sea  level,  and  only  about  one  hundred  tWd  above  the  railroad  track.  A  hill  near  by  would  have 
been  occupied  in  i)refereuce  on  account  of  the  greater  elevation,  but  as  the  snow  was  five  feet  deep 
in  that  entire  region  on  the  1st  of  May,  it  was  found  impracticable  to  reach  the  summit  of  the  hill 
with  the  requisite  instruments.  Hence  the  transit  instrument  was  mounted  on  a  pier  near  the  tank- 
house  on  tlie  north  side  of  the  railroad.  Time  was  observed  on  the  night  of  the  1st,  and  on  the  2d 
of  May,  telegraidi  w  ires  from  the  Western  Union  oflice  were  in  (connection  w  ith  the  chronograph  at 
the  observing  station.  For  this  cssentiaPof  the  operations  special  direction  had  been  given  by 
James  Gamble,  esq.,  geneial  sui^crintendent  of  the  Pacific  Division  of  the  Telegra])h  Company. 

On  the  5th  of  May  all  the  instruments  w'ere  in  readiness,  and  time  signals  were  exchanged 
between  IVIr.  Colonna  and  the  United  States  Naval  Observatory  at  Washington. 

The  morning  of  the  Gth  opened  cloudless;  the  temperature  in  the  observing  tents  was  only  27*^ 
Fahr.,  and  the  chronograph  ink  w^as  frozen  hard.  All  the  appliances  w’ere,  however,  carefully  and 
gradually  warmed  and  adjusted  for  final  use. 

At  noon  Assistant  Colonna  observed  the  sun’s  limbs  and  the  planet  as  they  crossed  the  middle 
w  ires  of  the  transit  instrument.  Mr.  Pratt  at  the  same  time  recorded  and  attended  to  the  chrono- 
gi*apli.  The  day  remained  cloudless,  and  the  afternoon  observations  w’cre  recorded  under  very 
favorable  conditions.  At  night,  obseryations  for  time  were  repeated.  The  exchanges  by  tele¬ 
graph  with  the  Observatory  at  Washington  w  ere  maintained  until  the  10th  of  May.  Subse<|ueutly 
the  longitude  was  determined  by  telegmphic  exchanges  between  Mr.  Pratt,  who  returned  to  San 
Francisco  for  that  purpose,  and  Mr.  Colonna,  w’ho  remained  at  the  transit  station  near  Summit. 
Mr.  Pratt  also  made  time  observations  at  the  Coast  Survey  station  in  San  Francisco,  and  there 
was  efficiently  assisted  in  the  several  ojierations  by  Messrs.  E.  F.  Dickins  and  T.  A.  Harrison,  who 
cheerfully  volunteeretl  their  services. 

Assistant  Colonna  at  all  favorable  intervals  recorded  observations  for  the  latitude  of  the 
transit  station,  and  concluded  that  w^ork  on  the  night  of  the  13th  of  June.  Mr.  Robert  Hughes, 
telegraph  operator  at  Summit,  served  as  recorder  of  the  observations  made  by  Mr.  Colonna  for 
latitude  and  longitude.  The  conq)utatious  were  made  without  delay  at  San  Francisco  and  for¬ 
warded  to  the  office. 
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SECTION  XI. 


OREGON  AND  WASHINGTON  TERRITORY.— (Skf.tchks  N(»s.  19  and  20.) 


Hydrography  of  the  Qolumhia  River  approaches^  Oreg, — Tliis  work  was  prosecuted  during  tliO 
summer  of  1877  by  Lieut.  Commander  G.  W.  Coftin,  U.  S.  N.,  Assistant  Coast  and  Geodetic  Survey, 
with  a  pai'ty  in  the  steamer  Hassler.  Until  August  of  that  year,  heavy  rains  and  dense  fogs  uetarded 
the  progress  of  the  hydrography,  but  the  weather  was  unusually  good  during  the  month  preceding 
the  1st  of  Sei)tember  when  the  soundings  were  completed.  This  survey  has  been  much  in  request, 
the  unknown  character  of  the  changes  being  serious  hindrances  to  the  shipping  interest  of  Astoria 
and  Portland.  For  some  time  vessels  have  been  very  careful  not  to  approach  the  bar  close  to,  and 
consequently  could  not  avail  themselves  of  opportunities  for  entering,  the  changes  of  some  jears 
not  being  develoi>ed  previous  to  the  execution  of  the  work  now  under  notice.  The  last  edition  of 
the  chart  shows  that  the  character  of  the  bottom  at  the  bar  changes  almost  uniformlj^  with  the 
curv^es  of  equal  depths,  and  that  these  curves  conform  nearly  to  the  outline  of  the  coast.  Hence 
the  bar  may  be  approached  even  in  thick  weather  if  due  precaution  is  observed  in  sounding.  The 
statistics  of  the  recent  survey  are ; 


Miles  run  in  sounding . . . .  .‘>07 

Angles  measured . . .  1,  707 

Number  of  soundings .  .  2,  701 


Lieutenant-Commander  Coffin  Wiis  assisted  in  work  at  the  Columbia  River  approaches  by 
Lieuts.  Richardson  Clover,  F.  J.  Drake,  C.  W.  Jarboe,  and  W.  H.  Driggs,  U.  S.  N.,  and  by  Master 
R.  Mitchell,  U.  S.  N. 

•  # 

Survey  of  the  Columbia  River^  Oreg. — At  the  opening  of  the  fiscal  year  to  which  this  report 

corresponds  in  time,  Assistant  J.  J.  Gilbert  was  engaged  in  prosecuting  the  hydrography  of  the 
Columbia  River.  In  July  and  August,  1877,  the  work  steadily  advanced,  and  early  in  September 
of  that  year  the  soundings  were  completed  from  Mount  Coffin  to  a  point  one  mile  above  Kalama. 
At  the  same  period  the  topography  of  the  shores  was  brought  to  Kalama  from  the  vicinity  of 
Cottonwood  Island.  During  Seiitember  and  October  Mr.  Gilbert  was  engaged  in  erecting  signals 
and  prei^aring  lines  of  sight  for  the  triangulation  above  Kalama.  Tides  for  half  a  lunation  were 
recorded  simultaneously  at  Cathlamet,  Oak  Point,  Rainier,  Saint  Helen’s,  Vancouver,  and  Warren- 
dale  for  determining  a  plane  of  reference  for  the  hydrographic  sheets  of  the  Columbia. 

Field  work  was  continued  until  the  end  of  October,  when  the  s<*hooner  Kincheloe  was  laid  up 
for  the  winter.  Assistant  Gilbert  then  returned  to  Olympia  and  completed  the  records  and  com¬ 
putations.  The  hydrography  is  represented  on  two  sheets ;  a  third  shows  the  topographical  featr 
ures  between  Cottonwood  Island  and  Kalama.  The  general  statistics  are: 


Signals  erected . 

Miles  of  shore  line  traced . 

Sloughs,  outline,  in  miles . 

Miles  of  road . .  . 

Area  of  topography,  square  miles 

Miles  run  in  sounding . 

Angles  measured . 

Number  of  soundings . 


4 

19 

7 

39 
15 
166 
2, 226 
13, 382 


The  subsequent  0])ei*ations  of  (he  ]>arty  of  Assistant  Gilbert  will  be  detailed  under  another 
head  in  this  section. 

Reconnaissance, — At  the  opening  of  the  fiscal  year.  Assistant  J.  S.  Lawson  was  yet  in  the  field 
engaged  in  selecting  stations  for  primary  triangidation  to  include  the  great  inland  waters  of  Wash¬ 
ington  Tenitory.  In  July  of  the  piesent  year,  Mr.  Lawson  returned  to  Point  Partridge,  and  from 
thence  commenced  opening  a  line  of  sight  towards  Watmongh  Head.  The  only  anchorage  avail¬ 
able  for  the  brig  Fauntleroy  being  attected  by  irregular  currents  and  tide  rips,  it  proved  to  be 
im]>racticable  to  work  from  the  vessel.  Mr.  Lawson  was  in  consequence  constrained  to  pitch  a 
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camp  on  the  west  side  of  Whidbey  Island  at  a  point  about  midway  in  the  avenue  which  required 
opening.  Meanwhile  the  vessel  was  taken  to  a  secure  anchorage  in  Port  Townshend. 

The  primary  station  on  Discovery  Island  was  next  examined,  and  avenues  were  opened  for 
obser\dng  from  that  point  on  signals  at  Point  Partridge,  New  Dungeness,  and  Striped  Peak. 
Mount  Shepherd  being  in  view,  a  signal  was  i>ut  up  on  that  summit  to  be  observed  on  from  the 
station  at  Discovery  Island. 

Proceeding  westward,  Assistant  Lawson  met  and  overcame  many  obstacles  in  bringing  into 
view  a  signal  on  Sherringham  Point.  From  the  last-mentioned  position  the  most  distant  land  in 
view  to  the  westward  was  the  Sombrio  Ridge,  which  being  evenly  wooded  offered  no  particular  site 
for  a  triangulatiou  point.  After  moving  the  vessel  into  Clallam  Bay,  Mr.  Lawson  chose  the  highest 
part  of  the  ridge,  and  by  observation  found  it  to  be  m^arl^^  midway  between  Pillar  Point  and  Slip 
Point.  There  the  party  workeil  from  a  camp,  and  cleared  avenues  of  sight  to  the  adjacent  sta^ 
tions. 

In  the  Strait  of  Fuca  fogs  were  prevalent  and  permanent  during  July  and  August,  1877.  In 
the  following  months  rains  were  frequent,  and  as  a  result  nearly  all  the  hands  of  the  party  were 
sick.  Field  operations  were  discontinued  on  the  6th  of  October.  A  few  days  after,  the  vessel  was 
laid  up  for  the  winter  at  Olympia  and  the  crew  was  discharged. 

Assistant  Lawson  resumed  the  reconnaissance  for  primary  stations  early  in  Ajiril  of  the  present 
year,  and  occupied  Point  Partridge  with  the  theodolite,  but  because  of  haze  or  mist  the  signals 
a4ljacent  to  that  station  were  rarely  seen  during  that  and  the  following  month.  In  June  a  few 
observations  were  recorded  in  the  measurement  of  horizontal  angles. 

The  results  gained  by  continuing  field  work  during  the  summer  will  be  a  subject  of  mention  in 
iiiy  next  annual  report. 

Recantuiissance  for  base  lines. — Many  of  the  known  sites  in  Washington  Territory  had  been 
under  consideration  when  Assistant  George  Davidson  wiis  continuously  engaged  in  carrying  on 
the  triangulation  over  the  waters  of  Washington  Sound,  but  difficulties  more  or  less  serious  ap- 
l>eared  in  each  case  when  the  ground  was  examined.  Of  the  sites  deemed  practicable  one  on 
Whidbey  Island  was  reserved  for  final  examination,  and  to  that  end  Mr.  Davidson  took  the  field 
in  August,  1877,  attended  by  Subassistant  B.  A.  Colonna  and  Mr.  J.  F.  Pratt.  In  September  a 
trial  base  was  opened  through  timber  on  the  northwest  part  of  Whidbey  Island.  The  line  ex¬ 
tends  from  a  point  on  Deception  Pass  to  the  wooded  ridge  due  south,  and  is  nearly  five  and  a  half 
miles  in  length.  It  opens  broadly  upon  the  Strait  of  Fuca,  and  connects  well  with  the  trianguhv 
tion,  but  the  site  presents  many  difficulties  that  could  be  surmounted  only  by  great  labor  and 
corresponding  outlay  in  means. 

In  the  Upper  Willamette  Valley  the  conditions  found  were  far  more  favorable.  Early  in  Oc¬ 
tober,  Assistant  Davidson  established  the  general  location  of  a  base  line  about  fifteen  miles  in 
length,  and  from  which  the  development  of  the  main  triangulation  would  be  rapid  and  sati8factory\ 
The  lateness  of  the  season  precluded  the  definitive  location  of  the  line  and  of  the  southwest  sta¬ 
tion  of  the  first  quadrilateral,  but  a  detailed  report  has  been  made  in  regard  to  the  site  and  its 
advantages. 

Hydrography  of  Admiralty  Inlet,  Wash.  Ter. — For  the  work  in  this  quarter  a  party  was  organized 
at  the  outset  of  the  fiscal  year,  and  placed  under  the  charge  of  Lieut.  Richard  M.  Cutts,  U.  S.  N., 
Assistant  Coast  and  Geodetic  Survey.  As  soon  as  practicable,  soundings  were  begun  in  Commence¬ 
ment  Bay,  and  that  branch  of  the  inlet  was  thoroughly  developed.  After  furnishing  a  tracing  of 
the  resulting  chart  to  the  general  superintendent  of  the  Northern  Pacific  Railroad,  the  party  in  the 
schooner  Yukon  resumed  operations  at  the  northern  end  of  Admiralty'  Inlet,  where  some  progress 
ha4l  been  made  in  June,  1877.  The  vessel  was  laid  up  at  the  end  of  November,  after  being  at  Avork 
afloat  during  every  day  available  for  soundings.  In  the  course  of  the  season,  the  hydrography  of 
the  inlet  was  advanced  southward  from  Battery  Point  to  the  entrance  of  Colvos  Passage,  and  south 
of  Dolphin  Point  ten  lines  of  soundings  were  run  at  about  equal  intervals  quite  across  the  inlet,' 
Soundings  were  recorded  along  the  east  and  west  shores,  between  Brace  Point  and  Robinson’s 
Point,  and  also  to  the  eastward  of  Dash  Point. 

In  April  of  the  present  year  soundings  were  resumed  in  Admiralty'  Inlet,  and  were  continued 
dining  the  summer. 
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Tbe  Statistics  of  the  hydro^jjraphic  sheets  which  have  been  coin[»leted  and  turned  in  are: 


Miles  run'in  soundings .  .  404 

An g  1  es  m ea sured .  3, 086 

Number  of  soundings .  lU,  247 


At  the  close  of  the  fiscal  year  Lieutenant  Cutts  transferred  his  i>arty  to  the  schooner  Earnest, 
for  continuing  the  hydrography.  In  the  operations  of  the  year  he  has  been  assisted  by  Lieuts.  A. 
B.  Wyckoff'and  U.  Harris,  U.  S.  N. 

Trmngulation  and  topography  of  Puget  Sound,  Wash.  Ter. — At  the  outset  of  the  fiscal  year  which 
began  on  the  1st  of  July,  1877,  Subassistant  Eugene  EHicott  was  prosecuting  the  topographical  sur¬ 
vey  of  the  shores  of  Goinmenceinent  Bay,  including  the  tide  fiats  at  the  nioutli  of  Puyallup  River, 
which  is  navigable  through  eight  or  ten  miles  of  the  lower  part  of  its  course.  Tliis  stream  emergis 
from  tbe  glaciers  of  Mount  Rainier,  and  emi)ties  into  tlie  southeastern  extremity  of  Commencement 
Bay.  The  region  is  fertile,  and  the  coal  mined  within  thirty  miles  of  the  bay  is  said  to  be  the  best 
yet  found  on  the  Pacific  coast. 

After  completing  the  work  last  mentioned,  Mr.  Ellicott  moved  his  party  to  xVndersoii  Island, 
and  starting  at  a  line  of  the  triangulation  in  that  vicinity  extended  the  triangulation  of  the  south¬ 
ern  extremity  of  Puget  Sound  quite  into  Budd'S  Inlet. 

At  the  same  time  the  shore  lines  of  the  Narrows  were  traced,  and  going  southward  that  work 
was  prosecuted  as  far  as  Ketron  Island,  below  Steilacooin.  The  town  and  its  environs  are  included 
in  this  survey. 

When  the  working  season  closed  in  this  section,  ]Mr.  Ellicott  stored  his  camp  equipage  at 
Seattle,  and  was  employed  during  the  winter  in  completing  his  oftice  work,  and  inking  the  sheets 
of  the  survey.  Early  in  April,  1878,  the  party  was  recu'gauizcd,  and  took  the  field  for  the  triangu¬ 
lation  of  CaiVs  Inlet,  one  of  the  large  interior  branches  of  Puget  Sound.  The  work  was  exteqded 
to  the  head  of  the  inlet,  and  also  through  the  narrow  passage  westward  of  M<*XieI  Island.  The 
topographical  survey  was  then  resumed  at  the  mouth  of  Nisqually  River,  and  carried  westward  to 
Budd’s  Inlet.  By  this  last-mentioned  work  the  triangulation  and  topography  of  the  main  i)assage 
have  been  made  continuous  between  Seattle  and  Olympia. 

At  the  close  of  the  fiscal  year  Mr.  Ellicott  was  engaged  in  pushing  the  detailed  sui  vey  so  as 
to  include  the  remaining  branches  at  the  southwest  end  of  Puget  Sound.  The  statistics  of  work 


reported  at  the  end  of  June  of  the  present  year  are : 

Signals  erected . 79 

Stations  occupied . 09 

Objects  observed  on  .... .  . . . .  85 

Angles  measured  . 590 

Number  of  observations . .  14,  022 

Shore  line  traced,  miles . . . . . .  140 

Rivers  and  tidal  creeks,  miles . 52 

Roads,  miles . 21 

Area  of  topography,  square  miles .  79 


The  progress  made  during  the  la^^t  fiscal  year  in  defining  the  shores  of  the  ii]>per  part  of  Puget 
Sound  gives  promise  of  the  completion  of  that  work  in  the  course  of  the  present  year.  Tlie  shores 
of  Possession  Sound  (called  also  the  Lower  Sound)  are  now  attracting  settlers,  especially  in  the 
fertile  region  about  Skagit  River.  As  soon  as  practicable  the  work  of  the  survey  will  be  extended 
to  that  quarter. 

Triangulation  and  topography  of  HooWh  Canal,  Wash.  Ter. — Early  in  ]\Iay  of  the  present  year 
Assistant  J.  J.  Gilbert  reorganized  his  field  party,  and  with  a  suitable  outfit  proceeded  to  tbe 
entrance  of  Hood’s  Canal.  A  steam  launch  Inul  been  previously  provided  for  the  transportation  of 
the  party.  Near  the  entrance  of  the  canal,  stations  occupied  in  a  previous  year  were  identified. 

oiiits  adjacent  were  selected,  and  additional  stations  on  both  sides  of  the  canal,  in  going  south¬ 
ward  or  westward  toward  Hazel  Point.  During  May  and  June  the  triangulation  was  extended 
out  fourteen  miles.  The  topography  of  the  shores  was  commenced  in  the  latter  part  of  May,  and 
w  en  the  fiscal  year  closed  six  miles  of  the  course  of  the  canal  had  been  surveyed. 
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The  statistics  of  the  field  work  are: 

Signals  erected . 20 

Stations  occupied  . . . .  .  16 

Objects  observed  on .  87 

Angles  measured . 115 

Number  of  observations . .  .  . .  6,  942 

Shore  line  surveyed,  miles .  17 

Area  of  topography,  square  miles  . .  3 


When  the  last  report  was  received  from  the  field,  the  prospect  was  good  for  progress  during 
the  summer  and  autumn. 

Inspection. — Under  special  directions  Assistant  A.  F.  Rodgers  proceeded  from  San  Francisco 
early  in  September,  1877,  and  visited  the  several  parties  at  work  on  the  shores  of  Puget  Sound, 
Wash.  Ter.  The  work  of  triangiilation  and  topography  in  progress  between  Battery  Point  and  Nis- 
qually  River  was  carefully  examined,  as  were  also  the  records.  Budd’s  Inlet  was  visited,  and  others 
in  that  vicinity,  with  a  view  of  deciding  on  the  practicfibility  of  extending  the  triangulation  of  the 
sound  from  its  present  southern  limit  across  the  land  known  as  the  ‘‘Portage,” between  the  waters 
of  the  inlet  and  Hood’s  Canal.  The  Nisqually  was  found  to  be  very  narrow,  with  several  outlets 
opening  upon  extensive  flats  covered  with  drift  timber  and  snags.  Leaving  this  quarter,  Mr. 
Rodgers  next  moved  to  Commencement  Bay,  and  examined  the  ground  bordering  the  terminus  of 
the  Northern  Pacific  Railroad  at  New  Tacoma.  In  the  construction  of  the  wharf  there,  piles  one 
hundred  feet  in  length  were  used,  but,  as  on  the  coast  of  California,  it  was  noticed  that  the  teredo 
is  very  destructive.  Piles  are  eaten  away  in  limits  of  time  varying  from  six  months  to  as  much  as 
six  years.  The  railroad  company’s  latest  structure  at  New  Tacoma  rests  upon  coppered  piles. 

From  Seattle  Mr.  Rodgers  went  north,  through  Possession  Sound,  and  noted  the  character  of 
the  streams  that  empty  into  it.  The  shores  of  Lake  Washington  were  examined,  and  the  course 
of  the  Skagit  River,  which,  it  is  said,  was  once  navigable  by  light-draught  steamboats  upwards  ot 
thirty  miles  above  its  mouth.  From  the  Skagit  the  reconnaissance  was  continued  northward  to 
La  Conner  on  the  southern  extremity  of  Fidalgo  Island,  and  from  thence  Mr.  Rodgers  returned  to 
Seattle  and  Tacoma  by  way  of  Port  Susan  and  Possession  Sound.  Subsequently  he  met  Assistant 
J.  J.  Gilbert,  by  appointment,  at  Kalama,  on  the  Columbia  River,  and  examined  the  details  of  the 
plane-table  work  then  in  progress.  Proceeding  next  by  way  of  Portland,  Mr.  Rodgers  went  up  the 
river  to  Dallas  City,  and  during  the  delay  incident  to  the  transfer  of  fr'eight  from  the  upper  river 
walked  over  the  Cascade  Portage  on  his  return.  This  is  a  stretch  of  six  miles  in  w^hich  the  transfer 
of  an  enormous  yield  of  grain  is  greatly  interrupted  in  its  passage  to  the  coast. 

Early  in  October  Assistant  Rodgers  returned  to  Kalama  and  examined  the  river  shores  as  far 
up  as  Columbia  City,  at  which  point  he  took  passage  for  Portland,  and  from  thence  returned  to 
San  Francisco.  His  field  operations  on  the  coast  of  California  have  been  described  in  the  preceding 
chapter. 

SECTION  XII. 

ALASKA  TERRITORY. 

Coast  of  Alaska, — The  compilation  of  material  for  the  Coast  Pilot  of  Alaska  has  been  continued 
by  Assistant  W.  H.  Dali.  Hydrographic  notes,  and  others  pertaining  to  navigation,  have  been 
completed  for  the  coast  and  channels  south  of  Cape  Spencer.  The  meteorological  appendix  contains 
an  exhaustive  summary  of  all  observations  recorded  in  Alaska,  and  a  general  discussion^  of  the 
weather,  currents,  and  periods  of  navigation  pertaining  to  that  region,  illustrated  by  charts  of 
Isothermal  and  Isobaric  lines,  profiles,  &c.  This  paper  embodies  much  interesting  matter  hereto¬ 
fore  unpublished. 

Further  progress  has  been  made  by  Mr.  Dali  in  collecting  the  titles  of  maps,  charts,  and  pub¬ 
lications  descriptive  of  the  hydrography  of  that  coast.  Some  twelve  hundred  titles  have  been 
collected.  Most  of  the  works  cited  have  been  examined  and  notes  taken  of  such  of  the  contents 
as  bear  upon  navigation.  In  addition  to  matters  of  general  interest,  Mr.  Dali  has  in  recent  years 
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contributed  for  public  use  several  papers  of  value  bearing  on  the  scientific  results  of  explorations 
in  Alaska.  Among  these  are  notes  descriptive  of  the  human  remains  found  in  the  caves  of  the 
Gatharina  Archipelago  and  of  the  Aleutian  Islands. 

Tidal  observatiom, — The  self-registering  tide  gauge  lent  to  the  Hawaiian  Government  survey 
in  the  summer  of  1876  for  use  at  the  Sandwich  Islands,  in  the  Pacific  Ocean,  reached  Honolulu  in 
good  order,  and  as  soon  as  practicable  was  set  up  in  that  harbor  by  the  Superintendent  of  the 
Survey,  W.  D.  Alexander,  esq.  It  is  known  that  the  apparatus  worked  well  during  the  past  year, 
although  at  the  end  of  June,  1878,  the  tidal  rolls  from  the  gauge  ha<l  not  reached  the  Coast  Survey 
Office.  They  are  doubtless  on  the  way  to  Washington,  and  will  be  expected  at  the  office  before 
the  close  of  the  year. 

Data  furnished  by  the  records  of  the  Honolulu  station  will  give  ready  means  for  investigating 
the  relations  of  our  Western  coast  tides  to  those  of  the  open  sea  in  the  Pacific  Ocean. 

SECTION  XIII. 

KENTUCKY  AND  TENNESSEE.— (Sketches  Nos.  23  and  24.) 

Geographical  positions. — For  the  determination  of  latitude  and  longitude  at  several  points  in 
the  vicinity  of  the  Mississippi  River,  a  party  was  organized  early  in  July,  1877,  to  work  under  the 
direction  of  Assistant  G.  W.  Dean.  The  requisite  instruments  were  sent  from  the  office,  and  As¬ 
sistant  William  Eimbeck  placed  in  i>osition  at  Columbus,  Ohio,  such  as  were  intended  for  use  at 
that  station.  A  second  set  of  instruments  in  cliarge  of  the  aid,  Mr.  H.  W.  Blair,  was  set  in  j)lace 
at  Nashville,  Tenn.  To  facilitate  in  longitude  determinations.  President  Orton,  of  the  Western 
Union  Telegraph  Company,  afforded  the  use  of  the  lilies  and  the  transmission  of  messages  free  of 
charges  as  heietofore;  and  by  the  kindness  of  Colonel  Van  Horne,  general  sui>erintendeut  of  the 
Southern  Division,  a  wire  was  promptly  run  from  the  telegraph  office  to  the  astronomical  station. 
All  the  instruments  were  adjusted  and  observations  commenced  by  the  27th  of  July.  On  the  first 
clear  night  after  that  date,  clock  signals  were  exchanged  between  the  observers  at  Columbus  and 
Nashville.  In  the  course  of  the  month  of  August,  signals  were  exchanged  also  between  the  .^ame 
observers  and  an  observer  at  the  United  States  Naval  Observatory  in  Washington  City. 

Early  in  September,  Assistant  Eimbeck,  aided  by  Mr.  F.  H.  Parsons,  removed  the  instruments 
from  Columbus  and  adjusted  them  at  Paducah,  Ky.,  from  which  point  he  exchanged  time  signals 
with  the  Nashville  station  on  three  successive  nights  preceding  the  middle  of  the  month.  The 
latitude  observations  at  Paducah  were  completed  in  the  week  following ;  and  a  few  days  after,  the 
instruments  there  in  use  were  transferrecl  and  set  up  at  Caiix),  Ill,  Until  the  11th  of  October,  the 
weather  was  unfavorable  for  longitude  exchanges,  but  in  clear  intervals  preceding  the  middle  of 
that  month  the  requisite  observations >vere  recorded.  Meanwhile,  Assistant  DeJin  and  Mr.  Blair, 
at  Nashville,  successfully  observed  several  series  of  star  transits  for  determining  their  pefsonal 
equation  ;  and  subsequently  several  sets  of  observations  were  obtained  with  the  Personal  Equation 
apparatus.  At  the  same  time  -a  second  series  of  longitude  signals  was  satisfactorily  exchanged 
between  the  Nashville  station  and  the  Naval  Observatory  at  Washington. 

After  completing  the  records  at  Cairo,  Assistant  Eimbeck  occupied  a  station  at  Hickman,  Ky., 
and  during  three  nights,  closing  with  the  27th  of  Octolier,  successfully  exchanged  time  signals 
with  the  observers  at  Nashville.  Removing  next  to  ^lemphis,  Tenn.,  signals  were  well  exchanged 
during  five  nights  with  the  Niishville  station.  Mr.  Eimbeck,  after  closing  work  at  Memphis,  re¬ 
paired  to  Nashville  to  observe  for  iiersonal  equation,  but,  UvS  in  a  previous  attempt  for  the  same 
purpose,  continuous  bail  weather  made  it  inexpedient  to  wait  there  for  the  desired  opportunity. 

Late  in  November  the  astronomical  instruments  and  telegraph  apparatus  were  stored  in  a 
room  of  the  State  House  at  Nashville.  When  the  weather  permitted,  the  observ  ations  needful 
there  for  the  determination  of  latitude  were  made  by  Mr.  Blair.  The  record  at  Nash\ille  was  com¬ 
pleted  on  the  2d  of  December.  Between  that  date  and  the  previous  July,  longitude  signals  were 
exchanged  with  the  Naval  Observatory  on  thirteen  nights,  and  between  Nashville  and  Columbus 
on  fourteen  nights.  Cairo,  Pjulucah,  and  Hickman  were  determined  by  signals  exchanged  between 
each  point  and  the  observer  at  Nashville  on  three  nights,  and  in  like  manner  the  position  of  the 
observing  point  at  ^lemjihis  was  fixeil  by  exchanging  signals  on  five  nights. 
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The  clock  and  instrumental  corrections  were  determined  from  six  hundred  and  ninety-four 
transits  of  twenty  one  circumpolar  and  seven ty-tbree  standard  stars  near  the  zenith,  each  star 
being  usually  observed  on  fifteen  or  twenty-five  threads.  The  micrometer  value  was  tested  by  ob¬ 
serving  on  circumpolar  stars  during  several  nights.  For  latitude,  Mr.  Blair  recorded  ninety-eight 
observations  on  twenty-three  pairs  of  stars.  The  original  records  and  duplicates,  including  also 
eighty  chronograph  sheets  pertaining  to  the  operations  for  determining  longitude,  have  been  de¬ 
posited  in  the  office. 

At  Memphis,  Assistant  Eimbeck  established  the  astronomical  station  in  the  yard  of  the  cus¬ 
tom  house.  Good  observations  for  latitude  upon  seventeen  pairs  of  stars  were  recorded  on  four 
nights  preceding  the  middle  of  November,  and  others  were  at  the  same  time  ma<le  for  determining 
the  micrometer  value. 

During  the  winter  Mr.  Eimbeck  was  employed  in  the  office,  but  when  means  became  available 
for  further  field  work  he  was  assigned  to  duty  in  the  selection  of  imiiits  for  the  trans-continental 
triangulation,  as  will  be  mentioned  under  a  sepamte  head  in  this  report. 

As  already  mentioned  under  the  head  of  Section  VIII  in  this  report,  the  astronomical  observa¬ 
tions  needful  for  determining  geographical  positions  along  the  Mississippi  were  resumed  at  Nash¬ 
ville,  Tenn.,  in  May,  1878.  Assistant  Dean  and  Subassistant  Edwin  Smith,  Avho  had  been  detailed 
for  the  work  in  Section  VIII,  made  separate  determinations  of  the  local  time  by  observing  the 
same  stars  over  the  same  meridian  on  the  same  nights.  The  instruments  used  in  these  trials  were 
employed  by  the  same  observers  for  the  subvseqnent  longitude  determinations.  Four  nights  were 
occupied  in  observing  at  Nashville  for  personal  equation.  Mr.  Smith  then  proceeded  to  Helena, 
Ark.,  as  already  stated  under  another  head.  Mr.  Dean  remained  at  Nashville,  and  exchanged 
telegraphic  signals  for  difference  of  longitude  during  three  consecutive  nights.  The  wires  em¬ 
ployed  gave  a  continuous  line  of  three  hundred  and  forty-seven  miles,  and  no  telegraphic  repeaters 
were  used  in  the  circuit. 

The  month  of  June  opened  with  cloudy  weather  at  Nashville,  but  on  three  nights  preceding 
the  21st  Assistant  Dean  exchanged  clock  signals  by  telegra])h  with  Subassistant  Smith,  who  was 
then  at  Natchez,  Miss.  The  distance  being  about  six  hundred  and  ninety  miles,  a  telegraphic  I'e-- 
peater  was  found  necessary  at  Montgomery,  Ala. 

Early  in  July  exchanges  of  signals  were  obtained  during  three  nights  for  determining  the 
longitude  of  Vicksburg.  The  same  telegraphic  repeater  was  used  at  Montgomery,  the  line  to 
Vicksburg  being  about  six  hundred  miles  in  length. 

Subassistant  Smith  occupied  a  station  at  Greenville,  Miss.,  in  the  middle  of  July.  The  line 
from  Nashville  being  seven  hundred  and  fifty  miles  long,  and  part  of  it  imperfectly  insulated,  re¬ 
peaters  were  found  to  be  requisite  at  Montgomery  and  Vicksburg.  The  usual  exchanges  were 
recorded  during  three  nights.  Success  in  overcoming  the  difficulties  on  this  line  were  due  to  the 
personal  exertions  and  courtesy  of  Mr.  James  Coiiqjton,  district  superintendent  of  the  Western 
Union  Telegraph  Company.  The  condition  of  the  line  between  Vicksburg  and  Greenville  was  such 
that  although  ordinary  messages  could  be  transmitted  the  line  could  not  hatve  served  for  longitude 
determination  without  the  improvements  made  by  Mr.  Compton.  About  twenty  miles  of  the  line 
passes  over  the  Mississippi  ‘‘  bottom  lands,^  the  depth  of  water  on  which  is  frequently  as  much  as 
thirty  feet,  and  along  that  stretch  many  of  the  insulators  are  of  necessity  secured  to  trees. 

At  the  end  of  July  Mr.  Smith  rejoined  Assistant  Dean  at  Navshville,  and  repeated  observations 
for  personal  equation. 

The  telegraph  lines  of  the  Western  Union  Company  were  as  usual  at  the  service  of  the  ob¬ 
servers  when  needed  for  longitude  determinations,  and  all  messages  relating  to  the  details  of  the 
work  were  sent  and  received  without  charge.  With  uniform  liberabty  all  facilities  were  afforded 
to  the  observers  by  Superintendent  Trabue  and  his  assistants  at  Nashville,  and  by  operators  at 
the  stations  at  which  longitudes  w  ere  determined. 

The  personal  equation  between  Assistant  Dean  and  Subassistant  Smith  was  ascertained  from 
the  record  of  eighty-eight  star  transits  observed  jointly  on  seven  nights.  Mr.  F.  H.  Parsons  served 
as  recorder  in  the  astronomical  party  at  Nashville. 

Assistant  Dean  is  now  completing  arrangements  for  the  determination  of  longitude  at  points 
intermediate  between  Washington  and  Atlanta,  Ga. 
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Ma{jmtic  ohservatwns, — Subassistuiit  Andrew  Braid  observed  for  the  magnetic  declination,  dip, 
and  intensity  at  eleven  stations  in  the  interior  States  and  Territories.  As  only  one  station  of  the 
series  occupied,  falls  in  this  section,  the  observations  at  Nashville,  Tenn.,  will  be  noticed  under  Sec¬ 
tion  XV,  in  which  most  of  the  stations  were  selected.  At  the  outset  of  the  season  the  points  to  be 
occupied  were  chosen  so  that  the  results  might  be  most  effective  when  collated  with  results  previ¬ 
ously  found  at  other  stations. 

Geodeiio  surrey, — Early  in  the  spring  of  the  pre.sent  year.  Prof.  A.  H.  Buchanan  commenced 
ob.servations  for  latitude  and  azimuth  at  the  north  end  of  the  Lebanon  base  line  in  Tennessee. 
The  computations  of  the  work  were  completed  and  sent  to  the  office  at  the  end  of  ]\lay.  Professor 
Buchanan  then  took  the  held  and  erected  nine  signals  suitably  related  to  the  base  in  position.  The 
lines  of  triangulation  thus  provided  for  will  av  erage  about  twenty-five  miles  in  length.  From  most 
of  the  stations  the  cai)ital  at  Nashville  is  in  view.  At  the  end  of  the  fiscal  year  arrrangements 
were  in  progress  for  beginning  the  measurement  of  horizontal  angles  at  stations  in  the  vicinity  of 
the  base  line. 

Assistant  Richard  D.  Cutts,  as  heretofore,  has  advised  in  regard  to  the  details  and  progress 
of  this  work.  As  the  scheme  of  triangulation  has  been  well  considered,  it  is  expected  that  a  good 
advance  will  bo  made  in  the  course  of  the  summer.  The  statistics  of  work  done  after  the  1st  of 
July  will  be  given  in  my  next  annual  report. 

Geodetic  surrey  in  Kentucly.—VoT  continuing  the  reconnaissance  for  points  in  the  State  of 
Kentuck}^,  Prof.  W.  B.  Page  took  the  field  early  in  IVfay,  and  going  northward  and  westward, 
extended  the  scheme  of  triangulation.  At  the  end  of  June  of  the  present  year,  stations  in  the 
vicinity  of  the  Ohio  River  lurd  been  selected  and  the  work  wjis  continued  during  the  summer.  The 
progress  made  after  the  1st  of  July  will  be  the  subject  of  mention  in  my  next  annual  repoii;. 

The  region  traversed  this  season  by  Profes.sor  Page  is  heavily  wooiled,  and  in  general  the  sum¬ 
mits  are  flat.  These  conditions  have  necessitated  the  erection  of  scaffolds  of  considerable  elevation 
so  that  lines  of  sight  may  pass  over  the  timber.  In  general  the  scaffolds  have  been  attached  to  the 
tranks  of  large  ti'ees  at  the  needful  elevation,  and  the  structures  are  i)ut  up  at  a  trifling  expense. 

In  approaching  the  Ohio  River,  in  the  vicinity  of  Ijouisville,  careful  examination  will  be  made 
for  the  site  of  a  base  line.  The  bottom  lands  along  the  river  readily  afford  lines  of  sufficient  length 
that  would  admit  of  easy  measurement,  but  the  adjacent  stations  decided  upon  for  the  triangula¬ 
tion  necessitate  the  direction  of  the  base  for  its  proper  connection  with  the  sclieme  of  work.  At 
the  close  of  the  fiscal  year  the  ])rosj)e<*t  w  as  good  for  the  lo(*ation  of  a  suitable  line  near  the  Ohio. 


SECTION  XIV. 

OHIO,  INDIANA,  ILLINOIS,  WISCONSIN,  AND  MICHIGAN.— (Sketcues  Nos.  ‘21,  ‘29,  axo  QX) 

Geodetic  operations  in  Ohio, — Prof.  R.  S.  Devol,  of  the  University  of  Ohio,  having  been  jointly 
recommended  for  the  charge  of  the  geodetic  work  in  that  State  by  the  governor  and  by  the  author¬ 
ities  of  the  university,  w  as  authorized  in  May  last  to  make  arrangements  for  the  selection  of  stations 
for  such  triangulation  as  might  at  the  outset  be  of  most  advantage  in  the  construction  of  maps  to 
represent  the  geological  survey. 

Assistant  Richard  D.  Cutts  conferred  personally  with  Professor  Devol,  at  Athens.  A  careful 
examination  of  the  different  State  maps  of  Ohio,  show^ed  that  the  southern  section  ottered  a^lvan- 
tage«  for  the  determination  of  points,  and  as  Columbus  had  been  determined  in  longitude  by  Coitst 
Survey  observ  ers,  it  was  deemed  most  expedient  to  examine  the  hilly,  rolling  country  for  a  series 
of  quadrilaterals  between  Athens  and  Columbus.  At  the  close  of  the  university  session.  Professor 
Devol  took  the  field  to  employ  the  summer  in  the  needful  reconnaissance.  The  resnlts  of  his  exam¬ 
ination  will  be  mentioned  in  my  next  report. 

Geodetic  operations  in  Indiana, — In  common  witli  other  States,  application  on  behalf  of  Indiana 
was  matle  several  years  ago  by  the  govenior  for  the  benefit  which  had  been  elsewhere  afforded  by 
the  accurate  determination  of  geographical  points,  on  which  to  base  maps  representing  the  results 
of  the  geological  survey.  The  request  was  promptly  entertained,  but  owing  to  the  want  of  means, 
arrangements  for  commencing  work  were  of  necessity  deferred  until  May  of  the  present  year. 
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Meanwhile,  Prof.  John  L.  Campbell,  of  Wabash  College,  had  been  recommended  by  the  governor 
and  by  the  State  geologist,  for  the  charge  of  the  field  work,  which,  as  in  similar  cases,  could  be  car¬ 
ried  on  only  during  the  college  vacation.  Late  in  May,  Assistant  Richard  D.  Cutts  proceeded  to 
Indianapolis  and  conferred  personally  with  the  State  geologist.  Prof.  E.  T.  Cox,  and  also  with  Pro¬ 
fessor  Campbell,  in  regard  to  the  topographical  features  of  the  State,  with  a  view  of  starting  tri- 
angulation  in  the  locality  most  favorable  for  progress.  The  immediate  wants  and  interests  of  the 
geological  survey  were  at  the  same  time  kept  in  view.  After  full  discussion  it  was  decided  to  begin 
reconnaissance  in  the  hilly  country  south  of  Indianapolis,  and,  if  practicable,  to  select  stations  for 
a  chain  of  quadrilaterals  extending  to  the  Ohio  River. 

A  short  time  before  the  close  of  the  fiscal  year,  Professor  Campbell  was  relieved  from  college 
duties  and  at  once  took  the  field.  His  plan  of  work  will  include  the  selection  of  a  site  for  a  base 
line  between  Indianapolis  and  New  Albany.  Of  the  progress  in  the  summer  of  the  present  year 
further  mention  will  be  made  in  my  next  annual  report. 

Beconnaissanee.^The  reconnaissance  for  stations  in  Southern  Illinois  was  resumed  by  Assist¬ 
ant  G.  A.  Fairfield  on  the  10th  of  May.  In  the  preceding  season  the  even  surface  of  the  ground 
eastward  of  Saint  Louis  and  the  want  of  means  for  identifying  positions  some  miles  distant,  made 
the  selection  of  stations  impracticable.  To  overcome  in  some  measure  the  difficulty  thus  presented, 
Mr.  Fairfield  procured  a  few  rockets  and  used  them  as  night  signals.  By  this  device,  the  direction 
was  obtained  towards  a  point  at  which  it  was  desirable  to  place  a  signal,  and  at  which,  by  a  struct¬ 
ure  of  moderate  height,  the  adjacent  signals  might  be  brought  into  view.  A  signal  was  erected 
at  Sugar  Loaf  station,  and  arrangements  were  made  for-  a  structure  at  Parkinson.  Night  signals 
were  exchanged  between  those  points,  and  the  practicability  of  the  line  was  established.  At  Sher¬ 
man  Park  a  signal  was  put  up,  and  was  seen  from  Parkinson,  the  distance  being  eight  miles.  The 
lines  for  this  triangle  were  traced  out  in  June,  after  due  tests  with  the  spirit-level.  Assistant  Fair- 
field,  at  the  date  of  his  last  report,  was  engaged  in  connecting  other  stations  with  those  which  he 
had  already  selected.  The  work  will  be  continued  during  the  summer,  and  mention  of  the  results 
will  be  made  in  my  next  annual  report. 

Oeodetic  operations  in  Wisconsin. — The  progress  made  in  triangulation,  after  completing  the 
reconnaissance  in  Wisconsin,  was  a  subject  of  notice  in  my  annual  report  for  1876.  During  the 
year  following,  means  not  being  available,  the  work  was  suspended,  but  was  resumed  in  May  of 
the  present  year  by  Prof.  J.  E.  Davies,  of  the  University  of  Wisconsin,  who  had  the  triangulation 
in  charge  in  the  first-mentioned  year.  In  the  autumn  of  that  year  connection  was  made  by  the 
measurement  of  horizontal  angles  between  the  base  line,  near  Spring  Green,  and  the  astronomical 
station  at  Madison,  but  the  operations  of  that  year  closed  without  means  for  the  measurement  of 
the  base,  which,  of  necessity,  was  deferred  until  the  present  year.  Late  in  May  last  Professor 
Davies  made  the  needful  preparations,  and  was  joined  on  the  2d  of  June  by  Assistant  Richard  D. 
Cutts.  The  measurement  was  made  with  the  sliding-contact  apparatus,  the  management  of  which 
at  the  outset  was  directed  by  General  Cutts.  When  the  work  was  fully  under  way  the  measure¬ 
ment  was  left  to  Professor  Davies,  who  completed  the  work  in  June.  The  ends  of  the  line  were 
secured  for  use,  at  any  time  hereafter,  by  structures  of  solid  masonry  below  the  ground  surface. 
Upon  these,  monuments  of  Joliet  limestone  were  placed,  with  the  proper  inscriptions.  The  site  of 
the  line  is  unusually  level  and  favorable  for  rapid  work.  The  record  of  the  measurement  shows 
that  the  operation  was  performed  with  care,  and  thait  a  close  degree  of  accuracy  may  be  accorded 
to  the  results. 

The  course  of  the  triangulation  now  in  progress  in  Wisconsin  will  extend  to  the  Mississippi 
River,  between  Prairie  du  Chien  and  Dubuque. 

Magnetic  observations. — In  this  section  the  magnetic  elements  were  determined  by  Subassistant 
Andrew  Braid,  at  Madison  and  at  La  Crosse,  in  Wisconsin.  As  the  larger  number  of  stations 
occupied  fall  into  the  next  section,  a  summary  notice  will  be  made  under  that  head  of  all  the  deter¬ 
minations  made  by  the  party  in  the  course  of  the  season. 

S.  Ex.  13 - 8 
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SECTION  XY. 

MISSOURI,  KANSAS,  IOWA,  NEBRASKA,  MINNESOTA,  AND  DAKOTA.— (Sketch  No.  25.) 

Magnetic  observations. — It  is  generally  known  that  the  variation  of  the  compass,  at  positions 
oif  the  coast,  can  be  marked  on  charts  with  rea.sonable  accuracy,  but  not  as  the  result  of  observa¬ 
tions  recorded  at  sea.  To  obtain  data  of  such  importance,  the  magnetic  declination  must  be  known 
not  only  at  field  points  adjacent  to  our  coasts,  but  also  for  many  places  in  the  interior  of  the  con¬ 
tinent  of  North  America.  Hence,  for  whatever  purpose  observations  have  been  made  on  land, 
within  the  last  two  centuries,  the  determinations  all  become  of  great  account,  as  items  of  the  large 
aggregate,  needful  for  accuracy  in  marking  compasses  on  the  coast  charts  of  the  United  States. 
Of  late  years,  calls  for  information  in  regard  to  the  variation  of  the  compass  have  become  frequent, 
suggesting  that  determinations,  instead  of  being  incidental  among  other  fi^l^  operations,  should 
be  committed  to  an  observer  qualified  to  return  results  from  a  number  of  stations  in  each  season. 
Subassistant  Andrew  Braid  was  assigned  to  this  service,  and  was  carefully  trained  in  the  use  of 
instruments  by  Prof.  J.  E.  Hilgard,  the  assistant  in  charge  of  the  office.  The  distribution  of 
magnetism  over  the  territory  of  the  United  States,  having  been  a  subject  of  study  for  years  in  the 
office,  Mr.  Hilgard  was  able  to  indicate  readily  the  points  which  should  be  occupied  first,  in  order 
to  gain  the  utmost  with  a  limited  outlay  in  time  and  means.  After  due  practice,  under  the  inspec¬ 
tion  of  Assistant  Hilgard,  Mr.  Braid  took  the  field  and  determined  the  magnetic  elements  at  Nash¬ 
ville,  Tenn. ;  Cairo,  Ill. ;  La  Crosse,  AVis. ;  Minneapolis,  Minn.;  Sibley,  Des  Moines,  Davenport, 
and  Keokuk,  Iowa;  Omaha,  Nebr. ;  Lawrence,  Kans. ;  and  at  Viuita,  in  the  Indian  Territory. 

The  work  done  at  these  places  consisted,  as  at  Madison,  of  observations  for  magnetic  declina¬ 
tion,  dip,  and  horizontal  intensity.  Not  less  than  three  days  were  spent  at  each  station  in  record¬ 
ing  successive  observations,  and  at  some  of  them  operations  were  kept  up  during  four  and  five  days. 

For  determining  the  horizontal  force,  both  deflections  and  oscillations  of  the  magnet  were 
observed,  except  at  La  Crosse,  Sibley,  Keokuk,  and  Vinita,  where  the  record  was  made  Only  of 
oscillations. 

This  field  work  was  prosecuted  by  Mr.  Braid  between  July  and  the  middle  of  December. 
During  the  season  the  weather  was  for  the  most  part  favorable  for  magnetic  observations,  yet  on 
a  few  days  the  instruments  were  affected  by  irregular  disturbances,  or  “magnetic  storms.”  Rains 
were  very  frequent,  but  caused  interference  in  the  work  only  by  delay  in  obtaining  the  astronomical 
azimuth. 

At  all  the  stations,  care  was  taken  to  set  up  the  instruments  at  some  considerable  distance  frx)m 
structures  of  iron,  and  all  the  stations  were  carefully  marked. 

Arrangements  have  been  matle  for  securing  similar  determinations  at  another  series  of  stations  in 
the  course  of  the  ensuing  season,  the  points  as  before  being  selected  so  as  to  add  directly  to  the  means 
for  tracing  lines  along  which  the  variation  of  the  magnetic  needle  is  equal.  Sketch  No.  24,  given 
in  my  report  of  last  year,  shows  the  results  obtained  thus  far  from  repeated  discussion  of  all  the 
observations  for  magnetic  declination  that  have  been  found  consistent  with  each  other. 

COAST  AND  OEODETIC  SURVEY  OFFICE. 

Assistant  J.  E.  Hilgard  continued  in  charge  of  the  Coast  and  Geodetic  Survey  Office  until  near 
the  close  of  the  year  for  which  this  report  is  submitted.  He  was  relieved  on  June  17,  having  been 
commissioned  to  execute  important  duties  which  required  the  presence  of  a  representative  of  the 
Coast  Survey  in  Europe. 

These  were,  first,  to  co  operate  as  a  member  with  the  International  Committee  on  Weights  and 
Measures  in  perfecting  the  organization  of  its  establishment  near  Paris,  and  to  assist  in  initiating 
the  practical  operations  agreed  ui)on ;  second,  to  make  at  London  a  recomparison  of  the  Coast 
Survey  standard  yard  (bronze  No.  11)  with  the  British  Imperial  standard,  in  order  to  establish  with 
certainty  a  diflerence  which  had  been  indicated  by  comparisons  with  other  original  standards;  and, 
third,  to  attend  the  annual  session  of  the  International  Geodetic  Association. 

During  Mr.  Hilgard’s  absence.  Assistant  Charles  A.  Schott  was  directed  to  take  charge  of  the 
office. 
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Assistant  Edward  Goodfellow  continued  on  duty  in  the  office  throughout  the  year,  aiding  the 
assistant  in  charge  in  the  details  of  administration  and  in  the  correspondence  of  the  office,  which 
is  constantly  increasing  with  the  growing  demand  for  the  information  accumulated  by  the  Coast 
and  Geodetic  Survey. 

The  temporary  assignment  to  duty,  under  office  direction,  of  several  field  officers  gave  Mr, 
Hilgard  opportunities  of  prosecuting,  with  their  aid,  some  scientific  investigations  designed  to  effect 
improvements  in  the  instruments  and  in  the  methods  and  processes  of  the  survey. 

Assistant  O.  H.  Tittmann  reported  to  the  office  in  August,  and,  after  making  comparisons  of 
the  secondary  six-meter  base  bars  with  the  standard  bar  No.  1,  he  designed  and  had  constructed  a 
convenient  apparatus  for  comparing  base  bars,  and  executed  the  compiirisons,  an  account  of  which 
will  be  prepared  for  future  publication. 

He  also  supervised  the  construction  of  the  new  geodesic  level,  determined  its  constants,  and 
made  tests  of  the  graduation  of  theodolites  No.  88  and  No.  117,  of  several  micrometer  screws,  and  of 
ocean  salinometers  and  deep  sea  thermometers.  Early  in  December  Assistant  Tittmann  was  tem¬ 
porarily  detached  from  the  office  to  make  an  exact  levelling  between  the  tidal  bench-marks  at 
Abany  and  Stuyvesant,  on  the  Hudson;  on  his  return,  in  January,  he  was  occupied  with  the 
computations  of  this  work ;  he  then  took  up  the  completion  and  revision  of  the  new  Coast  Survey 
Catalogue  of  Latitude  Stars,  which  is  printed  as  A^^pendix  No.  7  of  the  report  for  1876.  He  had 
also  in  charge  the  designs  for  an  enlarged  construction  of  the  level  of  precision. 

Early  in  May  Mr.  Tittmann  was  detached  from  the  office  and  charged  with  the  geodetic  trian¬ 
gulation  westward  from  the  eastern  base  of  the  Eocky  Mountains. 

Mr.  H.  W.  Blair,  after  completing  at  the  office  the  computations  of  his  recent  field  work,  was 
assigned  to  duty  under  Mr.  Hilgard’s  immediate  direction  in  February,  and  assisted  in  the  revision 
of  the  star  catalogue  for  observations  of  latitude.  He  also  made  experiments  with  an  optical  den¬ 
simeter  devised  by  Mr.  Hilgard,  and  with  a  new  form  of  drop-cylinder  water-specimen  cup  described 
in  Appendix  No.  14,  Eeport  for  1877,  and,  beside  other  measurements  of  precision,  made  elaborate 
comparisons  between  standard  yards  bronze  No.  11  and  iion  No.  57  to  verify  the  relative  change 
heretofore  indicated  in  these  two  important  standards,  which  were  in  1856  presented  to  the  United 
States  by  Great  Britain  as  original  and  verified  copies  of  the  Imperial  yard.  Early  in  Aijril  Mr. 
Blair  was  ordered  to  duty  in  the  field. 

Assistant  A.  T.  Mosman,  who  reported  for  office  duty  in  the  beginning  of  March,  was  occupied 
in  making  a  descriptive  catalogue  of  the  instruments  belonging  to  the  survey.  Towards  the  close 
of  that  month  he  was  detached  in  order  to  continue  the  primary  triangulation  from  the  Blue  Eidge 
westward. 

Assistants  J.  A.  Sullivan  and  F.  D.  Granger  were  assigned  to  the  comi)uting  division  during 
the  few  weeks  they  were  on  duty  in  the  office.  Late  in  March  they  were  ordered  to  field  service. 

Mr.  E.  Hergesheimer,  upon  his  recovery  from  severe  illness,  reported  for  duty  under  Mr.  Hil- 
gard’s  immediate  direction  in  January,  and  executed  drawings  of  chart  of  Saint  John’s  Eiver  and 
of  Eockaway  Inlet  for  publication  by  photolithograi)hy.  He  was  subsequently  occui)ied  in  com¬ 
posing  guide  maps  for  topographical  drawing  adapted  to  secure  uniformity  in  the  mode  of  repre¬ 
senting  topographical  details,  and  in  making  micrometric  comparisons  of  certain  graduate*!  scales. 

Hydrographic  Division, — In  this  division,  which  remained  under  the  direction  of  Commander  E. 
P.  Lull,  U.  S.  N.,  Hydrographic  Inspector,  aided  by  Lieuts.  W.  I.  Moore  and  W.  11.  Parker,  U.  S.  N., 
on  duty  during  part  of  the  year,  the  draughtsmen’s  work  is  summarily  stated  as  follows  : 

Mr.  E.  Willenbucher  has  protracted,  plotted,  and  drawn  fifteen  hydrographic  sheets,  made  the 
verification  of  thu^^-six  hydrographic  sheets  for  registry,  verified  reductions  of  hydrography  for 
eleven  charts,  examined  seven  charts  for  additions  and  corrections  of  aids  to  navigation,  made 
eight  projections  for  hydrographic  parties,  and  executed  miscellaneous  diagrams  and  reductions 
for  the  office  and  tracings  to  meet  calls  for  information. 

Mr.  W.  C.  Willenbucher  has  protracted,  plotted,  and  drawn  twelve  hydrographic  sheets;  veri¬ 
fied,  inked,  and  finished  ten  hydrographic  sheets;  brought  up  the  progress  sketches  to  date,  and 
has  made  such  miscellaneous  tracings  and  reductions  as  from  time  to  time  were  required. 

Mr.  Julius  Sprandel  was  unable  by  reason  of  failing  health  to  give  much  time  to  oflice  work. 
He  had  protracted,  plotted,  and  drawn  three  hydrogi’aphic  sheets  previous  to  his  death,  which 
ook  place  August  29,  1877. 
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The  services  of  the  hydrographic  inspector  are  elsewhere  referred  to  in  this  report. 

Computing  Division. — The  direction  of  this  division  of  the  office  was  continued  with  Assistant 
O.  A.  Schott.  The  distribution  of  work  among  the  computers  was  kept  up  as  in  former  years  as 
far  as  the  small  number  of  computers  would  allow,  there  being  but  three  during  December  and 
January.  Mr.  Main’s  health,  reported  unsatisfactory  at  the  close  of  the  last  report,  did  not  im¬ 
prove  during  the  summer,  and  his  services  were  necessarily  discontinued  from  September  until 
May,  when  they  were  resumed  with  reduced  daily  time  of  attendance  and  corresponding  pay.  Mr. 
0.  H.  Van  Orden  was  on  duty  in  the  computing  division  during  July;  Mr.  M.  W.  Wines,  during 
July,  August,  and  September;  Mr.  B.  Bradbury,  jr.,  during  part  of  September;  Mr.  C.  A.  Ives, 
during  part  of  October  and  November.  Assistant  F.  D.  Granger  reported  for  duty  February  1, 
1878,  and  was  detached  March  28;  Assistant  J.  A.  Sullivan  reported  for  duty  March  4,  and  was 
detached  April  15 ;  Mr.  P.  Lobanoff  was  engaged  on  special  duty  from  May  1  to  the  close  of  the 
fiscal  year.  The  limited  force  of  regular  computers  was  just  sufficient  to  attend  to  the  more  im¬ 
portant  current  work. 

Much  of  the  time  of  the  chief  of  the  division  is  necessarily  taken  up  with  preparing  replies  to 
official  correspondence;  with  directing,  distributing,  supervising,  and  reporting  on  the  various  com¬ 
putations  ;  with  furnishing  geographical  positions  of  light-houses,  magnetic  variation,  and  cor¬ 
rected  longitudes  for  charts. 

The  discussion  of  the  secular  change  of  the  magnetic  declination  was  extended  by  Mr.  Schott 
to  stations  in  Brazil,  Mexico,  Alaska,  and  the  Sandwich  Islands,  and  the  data  for  many  stations 
in  the  United  States  were  brought  forward.  This  valuable  discussion  appears  in  a  paper  published 
separately  from  this  report. 

In  September,  Mr.  Schott  visited  the  magnetic  observatory  located  at  the  University  of  Wis¬ 
consin,  and  provided  for  its  more  effective  working.  A  full  report  on  this  observatory,  including 
its  history,  description,  and  adjustment  of  instruments,  determination  of  constants,  and  discussion 
of  results  has  been  prepared  by  him.  The  results  obtained  during  the  first  two  years  of  its  exist¬ 
ence  are  nearly  ready,  and  will  be  printed  in  a  subsequent  report. 

The  usual  annual  magnetic  observations  at  Washington  were  made  by  Mr.  Schott  in  June, 
1878.  He  has  also  prepared  a  new  register  of  magnetic  data,  in  which  the  stations  are  arranged 
by  States,  and  for  each  in  chrouological  order.  He  also  observed  and  prepared  the  report  on  his 
own  and  the  observations  of  other  officers  of  the  Coast  Survey  on  the  transit  of  Mercury  across 
the  disk  of  the  sun  on  May  6,  Appendix  No.  7. 

On  June  24, 1878,  Assistant  Schott  was  appointed  assistant  in  charge  of  the  office  during  the 
absence  of  Assistant  Hilgard,  retaining  at  the  same  time  the  special  charge  of  the  computing  di¬ 
vision. 

The  work  in  detail  performed  by  each  computer  during  the  fiscal  year  1877-’78  is  as  follows: 

Mr.  James  Main  computed  the  observations  for  latitude  and  azimuth  at  Young  Mountain,  N. 
C.,  1876,  and  those  for  time  and  azimuth  at  Middle  Base,  Helena,  Ark.,  1878,  and  at  King,  N.  O., 
1877.  He  also  furnished  star  places  for  field  parties. 

Dr.  Gottlieb  Rumpf  computed  the  following  secondary  and  tertiary  triangulations:  State 
triangulation  of  Wisconsin,  1875-’76;  near  Santa  Monica,  Cal.,  1875;  coast  between  Monterey  and 
Point  Sur,  Cal.,  1875;  local  triangulation  at  Madison,  Wis.,  1877;  vicinity  of  Mare  Island,  Cal., 
1877;  south  side  of  Long  Island,  near  Rockaway,  N.  Y.,  1875;  vicinity  of  Buzzard’s  B^y,  Mass., 
187ff-’71;  Mississippi  River  above  New  Orleans,  La.,  1876-’77;  James  River,  Va.,  1875-’76-’77; 
Santa  Barbara  Island,  Cal.,  1871;  Boston  Harbor,  Mass.,  1877 ;  coast  near  Fort  Ross,  Cal.,  1876-’77 ; 
and  nearly  completed  the  triangulation  between  Nisqually  and  Budd’s  Inlet,  Wash.  Ter.,  1877.  He 
also  prepared  abstracts  of  horizontal-angles  survey  of  New  Jersey,  1876-’77;  performed  miscella¬ 
neous  geodetic  computations  and  supplied  geodetic  data  for  field  parties,  or  in  reply  to  inquiries 
made  by  office  correspondents. 

Mr.  Edward  H.  Courtenay  was  engaged  in  the  preparation  of  the  geographical  register  con¬ 
taining  the  results  of  the  triangulations;  completed  the  fitting  on  of  the  old  secondary  and  ter¬ 
tiary  triangulation,  sea  coast  of  North  Carolina,  between  Upper  Currituck  Sound  and  Core  Sound; 
revised  abstracts  of  horizontal  directions  and  of  vertical  angles  at  primary  stations  in  the  Blue 
Ridge,  Virginia,  North  Carolina,  and  South  Carolina,  also  in  Georgia;  computed  the  magnetic  ob- 
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servations,  absolute  values  taken  at  Madison,  Wis.,  in  1876  and  in  1877 ;  collected  and  tabulated 
magnetic  constants  for  three  magnetometers;  assisted  in  the  solution  of  normal  equations  resulting 
from  primary  triangulation;  computed  magnetic  observations  made  lately  by  Assistants  Boutelle, 
Mosman,  Smith,  and  Braid;  adjusted  primary  triangulation  about  Mount  liVashington,  N.  H.,  and 
nearly  completed  the  computation  of  the  new  triangulation  of  the  Delaware  River,  near  Philadel¬ 
phia,  1877-’78.  He  also  assisted  in  preparing  the  annual  statistics  of  geodetic  work,  and  had 
general  charge  of  copying  and  clerical  work. 

Mr.  M,  H,  Doolittle  made  abstracts  of  resulting  directions  of  primary  stations,  Johns,  Ga., 
1875;  Moore,  N.  C.,  1876-77;  King,  N.  C.,  1876-77;  adjusted  that  part  of  the  primary  triangu¬ 
lation  between  Pine  Log,  Ga.,  and  Brandon,  Ala. ;  computed  the  triangulation  of  the  Connecticut 
River  between  the  Sound,  and  north  of  Hartford,  1861-^62-75;  assisted  in  the  preparation  of  the 
annual  statistics,  made  miscellaneous  magnetic  computations;  read  off  the  photographic  traces  of 
tabulated  results  of  differential  magnetic  observations  made  at  Madison,  Wis.,  between  March, 
1877,  and  March,  1878;  computed  position  of  primary  stations  about  the  Santa  Barbara  Islands, 
Cal.,  1876-77,  and  fitted  on  part  of  the  secondary  and  tertiary  work  of  the  same  locality,  and 
nearly  completed  the  computation  for  length  of  the  Lebanon  base  line,  Tenn.,  1877. 

The  computing  division  also  had  temporary  assistance  during  the  year  as  follows: 

Mr.  C.  H.  Yan  Orden,  attached  to  the  division  during  July,  1877,  attended  to  miscellaneous 
copying,  preparation  of  sketches,  and  miscellaneous  geodetic  computations. 

Mr.  M.  W.  Wines,  attached  to  the  division  between  July  1  and  September  26,  1877,  attended 
to  copying  of  data  for  field  parties,  and  to  special  clerical  work  under  the  direction  of  the  assistant 
in  charge  of  the  office. 

Mr.  B.  Bradbury,  jr.,  was  engaged  in  reading  off  magnetic  traces  between  September  8  and  27. 

Mr.  C.  A.  Ives  rei)orted  for  duty  October  19,  computed  positions  of  a  number  of  tertiary 
points,  attended  to  clerical  work,  and  prepared  information  for  various  field  parties.  He  was 
detached  from  the  office  November  30. 

Assistant  F.  D.  Granger  was  temporarily  assigned  to  duty  in  the  computing  division.  Between 
February  1  and  March  28, 1878,  he  assisted  in  preparing  abstract  of  directions  of  primary  stations, 
Eang,  N.  O.,  1876-77;  Anacapa,  Cal.,  1876;  Laguna,  Cal.,  1877;  Santa  Barbara,  Cal.,  1876.  He 
also  adjusted  three  quadrilaterals  of  the  Santa  Barbara  channel  survey,  and  prepared  geodetic 
information  for  a  field  party. 

Assistant  J.  A.  Sullivan  was  temporarily  assigned  to  duty  in  the  computing  division  between 
March  4  and  April  15,  when  he  computed  the  triangulation  of  light  houses  on  Delaware  Bay,  exe¬ 
cuted  by  himself  in  1877.  He  also  assisted  in  proof-reading  of  annual  report. 

Mr.  P.  Lobanoff  was  employed  since  May  1  on  reading  oft*  and  tabulating  photographic  traces 
of  magnetic  observatory  at  Madison ;  he  also  assisted  occasionally  in  tracing  descriptive  sketches 
of  stations  for  field  parties. 

Tidal  Division, — Mr.  R.  S.  Avery  remained  in  charge.  He  inspected  all  records  of  tidal 
observations  when  received  from  the  hydrographic  parties  or  from  the  permanent  tidal  stations ; 
furnished  tidal  data  for  use  on  the  charts  and  to  meet  calls  for  information ;  arranged  the  observa¬ 
tions  for  reduction ;  prepared  for  publication  the  predictions  of  tides  for  the  Atlantic  and  Pacific 
Coast  Tide  Tables  for  1879 ;  and  studied  improvements  in  the  construction  of  self-registering  tide 
gauges. 

Referring  to  the  establishment  of  a  self-registering  gauge,  loaned  by  the  Coast  Survey,  at  a 
station  in  the  Sandwich  Islands,  in  connection  with  the  government  survey  of  those  islands  under 
W.  D.  Alexander,  esq.,  it  is  suggested  by  Mr.  Avery  that  it  would  be  desirable  to  establish  a  tidal 
station  at  a  point  similarly  located  in  relation  to  the  tides  of  our  Atlantic  coast.  The  Bermuda 
Islands  would  seem  to  be  favorably  placed  for  this  purpose,  being  separated  from  our  coast  by  the 
deep  channels  of  the  Gulf  Stream. 

In  the  following  table  is  given  a  statement  of  the  names  of  stations  at  which  self-registering 
gauges  have  been  established,  with  the  number  of  days  upon  which  observations  were  recorded 
since  the  last  report: 
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Section. 


I 

I 

n 

n 

m 

VI 

VI 

vm 

X 

XI 


Name  of  station. 


North  Haven,  Me . 

Providence,  R.  I . 

Gk>vemor’8  Island,  N.  Y 

Sandy  Hook,  N.  J . 

Fort  Monroe,  Va . 

Femandina,  Fla . 

. . do . 

Now  Orleans,  La . 

Saucelito,  Cal . 

Port  Townshend,  Wash. 


Name  of  observer. 


J.  G.  Spaulding - 

R.  A.  Wood . 

R.  T.  Bassett . 

J.  W.  Banford . 

w.  J.  Bodoii . ; 

H.  W.  Bache . I 

■  . 

G.  Faust . 

E.  Gray . . . 

L.  Wilson . I 


Kind  of  gauge. 


Permanent  or  tem¬ 
porary. 


Time  of  occupation. 


From —  To— 


Sell-registering  '  Ponnanent 


...do . j  Temporarj' 

...do . I  Permanent 

...do . 1  —  do . 

..  -do . j - do . 

...do . do . 

...do . do . 

Staff . I  Temporary 

Self-registering  I  Permanent 

- do .  Temporary 


Apr.  26, 1877 
Dec.  30,1875 
May  31, 1877 
June  1,1877 
Juno  1, 1877 
June  1,1877 
I  Dec.  30, 1877 
June  30, 1877 
June  1, 1877 
Mar.  1,1877 


Apr.  28, 1878 
j  June  1, 1878 
May  30, 1878 
j  June  1, 1878 
I  June  1,1878 
I  Sept.  3, 1877 
‘  Apr.  1, 1878 
Dec.  31, 1877 
June  1, 1878 
Apr.  1,1877 


ToU 

days. 


367 

731 

364 

365 
365 

05 

92 

184 

365 

31 


Each  observer  forwards  to  the  office,  with  the  gauge  record,  his  tabulation  of  the  times  and 
heights  of  high  and  low  waters,  the  comparative  readings  of  staff  and  automatic  record,  and  the 
hourly  ordinates  deduced  from  the  tidal  curve.  These  tabulations,  when  verified,  serve  as  a  basis 
for  the  office  reductions. 

In  the  work  of  the  division,  Mr.  Avery  had  the  aid  of  the  following-named  persons : 

Mr.  John  Downes  was  employed  chiefly  in  the  tabulation  and  reduction  of  the  tidal  observa¬ 
tions  made  upon  the  Atlantic  coast  and  upon  the  tidal  predictions  of  this  coast  for  1879. 

]VIr.  L.  P.  Shidy  made  reductions  of  short  series  of  observations  for  many  stations  on  the 
Atlantic  and  Pacific  coasts,  predicted  tides  for  ports  at  which  the  diurnal  inequality  was  large, 
and  aided  in  miscellaneous  computations.  « 

Miss  M.  Thomas  continued  to  work  mostly  on  hourly  readings  and  copying,  and  aided  in  the 
predictions.  She  had  also  charge  of  the  office  library  until  January  28. 

Drawing  Dwision. — This  division  has  continued  under  charge  of  Mr.  W.  T.  Bright.  The  cler¬ 
ical  and  other  miscellaneous  duties  have  been  performed  during  the  year  by  Mr.  G.  A.  Morrison. 

The  force  of  principal  draughtsmen  consisted  of  Messrs.  A.  Lindenkohl,  H.  Lindenkohl,  C. 
Junken,  L.  Karcher,  and  P.  V.  Erichsen,  who  have  drawn  the  more  important  topographic  and 
hydrographic  charts  for  publication  by  copiier-plate  engraving  or  photolithograi)hy.  The  work  per¬ 
formed  by  each  is  stated  in  Appendix  No.  4. 

Messrs.  C.  A.  Meuth,  fl.  Eichholtz,  and  E.  Molkow  have  chiefly  been  engaged  in  bringing  up 
by  hand  the  aids  to  navigation  upon  the  published  charts.  This  information  is  received  in  the 
division,  and  the  necessary  corrections  and  additions  made  previous  to  its  insertion  upon  the 
printing-plate.  By  this  means  the  sale  agents  are  supplied  with  the  latest  data.  They  have  also 
furnished  the  information  asked  for  by  bureaus  of  the  government  and  citizens,  in  the  form  of 
tracings  and  diagrams. 

Mr.  E.  J.  Sommer  has  been  employed  in  the  division  since  April,  and  has  x^rincipally  been 
engaged  upon  drawings  for  charts  to  be  photolithographed. 

Mr,  B.  Bradbury,  jr.,  aid,  who  was  temporarily  attached  to  the  division  at  the  date  of  last 
year’s  report,  was  assigned  to  field  duty  in  August. 

The  list  of  charts  and  sketches  which  have  been  completed  or  in  progress  during  the  year, 
given  in  Appendix  No.  4,  will  at  a  glance  show  the  large  amount  of  work  accomplished. 

From  a  very  recent  experimental  beginning  in  the  production  of  charts  by  photolithography, 
this  process  has  grown  to  be  a  most  important  auxiliary  in  getting  rapidly  before  the  public  the 
results  of  the  field  work.  In  addition  to  the  compilation  and  imblication  of  twenty-one  charts  by 
this  means,  progress  has  been  made  upon  seventy-eight  charts  of  various  scales,  of  which  number 
forty-two  have  been  completed,  including  the  photolithographic  class. 

Appendix  No.  3  gives  a  statement  of  information  furnished  by  the  division  upon  the  appli¬ 
cation  of  officers  of  the  United  States  Engineer  Corps,  officers  of  the  Army,  light  house  engineers 
and  inspectors,  and  other  persons,  for  tracings  and  copies  of  special  maps  and  charts.  Some  eighty- 
four  calls  of  this  description  were  met  during  the  year. 

Forty-seven  diagrams  of  various  descriptions  were  constructed,  together  with  drawings  of 
numerons  instruments  of  precision  and  engravings  upon  stone,  to  illustrate  the  papers  accompa- 
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Dying  the  annual  reports.  The  matter  of  correcting  the  original  copper-plate  engravings  for  the 
latest  determination  of  longitude  has  continued  to  receive  attention.  Projections  for  new  charts 
have  been  constructed  upon  six  copper  plates.  As  the  work  of  the  survey  advances,  it  becomes  in 
many  cases  necessary  to  revise  former  projects  for  charts  that  were  constructed  upon  data  derived 
from  reconnaissances  and  impertect  maps. 

In  the  course  of  the  year  about  thirty-hve  projects  have  been  reconstructed  and  adjusted  to 
suit  better  the  wants  of  the  navigator. 

The  numerous  calls  by  the  field  parties  for  projections  on  drawing  paper  have  been  promptly 
met,  forty-three  having  been  constructed  upon  different  scales.  The  large  number  of  sketches 
showing  the  progress  of  the  field  work  have  been  duplicated  for  the  files  of  the  Superintendent 
and  computing  division,  and  tlie  annual  progress  sketches  have  received  the  usual  additions. 

Notwithstanding  the  great  amount  of  this  miscellaneous  work,  the  division  has  furnished  and 
has  on  hand  an  abundant  supply  of  material  for  engraving,  and  has  made  progress  commensurate 
with  the  field  work  in  many  sections  as  the  data  became  available. 

Engraving  Division. — The  direction  of  the  work  in  this  division  remained  with  Assistant  L.  A. 
Sengteller  during  the  fiscal  year.  Towards  its  close,  having  received  instructions  to  resume  field 
duty  on  the  Pacific  coast,  he  made  arrangements  for  the  transfer  of  the  charge  of  the  division  to 
his  successor,  Assistant  J.  S.  Bradford. 

In  a  careful  and  elaborate  report  of  the  work  executed  in  detail  by  the  several  engravers,  and 
of  the  condition  of  the  engraved  plates,  Mr.  Sengteller  refers  to  the  efforts  made  to  bring  up  to 
date  the  plates  of  those  charts  most  in  demand  by  navigators.  These  efforts  have  been  so  far  suc¬ 
cessful  that  all  of  the  principal  coast  charts  are  now  brought  up  to  the  current  year,  and  a  ‘‘note  of 
issue^  engraved  upon  each  plate,  bearing  the  date  to  which  it  has  been  corrected;  this  has  been 
done  also  with  the  plates  of  the  principal  harbor  charts,  sailing  charts,  and  general  coast  charts. 

Messrs.  J.  Enthoffer,  A.  Sengteller,  H.  C.  Evans,  J.  J.  Young,  W.  A.  Thompson,  and  E.  F. 
Bartle  have  continued  as  topographical  engravers. 

Messrs.  E.  A.  Maedel,  A.  Petersen,  H.  M.  Knight,  J.  G.  Thompson,  and  F.  Courtenay  have 
continued  as  letter  engravers. 

Messrs.  E.  H.  Sipe  and  W.  H.  Davis  have  been  employed  as  miscellaneous  engravers. 

Mr.  J.  J,  Young,  during  the  greater  part  of  the  year,  was  engaged  in  etching  the  views  for  the 
Coast  Pilot. 

The  duties  of  copyist  in  the  division  were  successively  dischai^ged  by  Messrs.  E.  Molkow,  G. 
A.  Morrison,  and  (since  his  reappointment  February  1)  by  Mr.  L.  C.  Kerr.  The  compilation  of  an 
historical  record  of  every  plate  was  begun  by  Mr.  W.  B.  French,  who  was  detailed  specially  for  that 
duty,  and  carried  it  on  at  intervals  since  November,  1877 ;  upon  the  detachment  of  Mr.  French,  for 
field  service  early  in  March,  the  work  was  for  a  time  suspended,  but  towards  the  end  of  May  resumed 
by  Mr.  John  H.  Smoot. 

In  Appendix  No.  5  will  be  found  a  detailed  statement  of  plates  completed,  continued,  or  begun 
during  the  year,  together  with  work  in  detail  performed  by  each  engraver. 

Electrotype  and  Photographing  Division. — Under  the  direction  of  Dr.  A.  Zumbrock,  who  re¬ 
mained  in  charge,  fifty-seven  altos  and  twenty-eight  bassos  or  printing  plates  were  made  from  the 
original  engraved  plates;  one  hundred  and  fifty-four  prints,  fifty-three  negatives,  and  fifteen  posi¬ 
tives  were  furnished  for  the  use  of  the  draughtsmen  and  engravers.  Dr.  Zumbrock  was  aided  by 
Mr.  Frank  Over. 

.  Miscellaneous  Division. — The  organization  of  this  division,  up  to  May  of  the  present  year,  in¬ 
volved  the  direction  of  details  in  the  care  of  the  office  buildings,  the  printing  and  distribution  of 
the  charts  and  reports,  the  charge  of  the  stationery  and  instruments,  and  the  care  of  the  office 
disbursements.  These  duties  were  faithfully  and  acceptably  performed  by  Mr.  John  T.  Hoover 
until  failing  health  obliged  hhn  to  relinquish  them.  His  death,  deeply  lamented  by  all  of  his 
associates  in  the  office,  has  been  referred  to  in  another  part  of  this  report. 

A  rearrangement  of  the  work  of  the  division  hatdng  been  found  to  a  certain  extent  desirable, 
Mr.  M.  W.  Wines  was  assigned  to  the  charge  of  the  details  relating  to  the  office  building,  the  care 
of  the  stationery,  and  the  printing  and  distribution  of  the  charts  and  reports ;  Mr.  W.  A.  Herbert 
to  the  keeping  of  the  office  accounts ;  Mr.  G.  N.  Saegmiiller  to  the  care  of  the  instrument  records. 


Digitized  by 


Google 


64 


BEPOET  OF  THE  SUPEBDTTENDEOT  OF  THE 


The  duty  of  registering  and  filing  for  reference  the  original  sheets,  topographic  and  hydro- 
graphic,  and  the  records  of  observations  as  received  from  the  field  parties  continued  to  be  performed 
by  Mr.  G.  A.  Stewart. 

From  the  chart  room,  under  the  immediate  care  of  Mr.  Thomas  McDonnell,  there  were  dis¬ 
tributed,  during  the  year,  upwards  of  twenty-one  thousand  copies  of  charts ;  over  five  thousand  of 
this  number  were  placed  with  agents  for  sale  at  the  principal  sea  ports ;  upwards  of  four  thousand 
were  furnished  to  meet  the  demands  of  the  several  departments  of  the  government ;  thirty-three 
hundred  were  supplied  to  members  of  Congress. 

The  distribution  of  the  Coast  Survey  Reports  amounted  to  one  thousand  and  three  copies. 

There  were  printed  during  the  year  twelve  thousand  and  sixty-seven  impressions  from  engraved 
plates;  the  number  of  bthographed  copies  of  charts  published  was  thirty-eight  hundred  and 
nineteen. 

Mr.  Frank  Moore,  assisted  by  Mr.  D.  K.  Hoover,  served  as  copper-plate  printer ;  Mr.  H.  Nissen 
attended  to  the  preparation  of  the  backed  drawing  paper  for  field  parties,  and  to  the  various 
requirements  of  the  folding-room. 

The  work  of  the  instrument-shop  was  performed  by  Mr.  G.  N.  Saegmiiller,  chief  mechanician, 
and  by  Messrs.  John  Clark,  W.  Jacobi,  and  E.  Eshleman. 

Among  the  subjects  which  occupied  Mr.  Saegmiiller’s  time  when  not  engaged  in  routine  work, 
may  be  mentioned  the  improvements  in  the  construction  of  the  dividing  engine  to  render  it  capable 
of  executing  more  accurate  circular  graduations,  and  the  regraduation,  with  very  satisfactory  re¬ 
sults,  of  one  of  the  fourteen-inch  theodolites.  The  design  and  construction  of  a  prismatic  double¬ 
image  eye-piece  for  simultaneous  use  by  two  observers  in  determining  personal  equation  is  also  due 
to  him.  This  is  described  in  the  Transactions  of  the  Inteniational  Geodetic  Association  for  1878, 

Mr.  John  Clark  has  been  engaged  on  improvements  in  the  primary-base  apparatus,  assisting 
in  its  comparisons  with  the  standards  mentioned  elsewhere ;  in  constructing  the  level  of  precision 
described  in  Appendix  No.  — ,  and  in  other  work  requiring  great  skill  and  experience. 

Mr.  Werner  Suess  was  employed  on  piece  work,  under  the  immediate  direction  of  the  assistant 
in  charge,  in  constructing  various  self-registering  magnetic  and  thermometric  instruments,  portable 
chronographic  apparatus,  and  the  optical  densimeter  for  ascertaining  the  density  of  sea  water, 
mentioned  elsewhere  in  this  report  and  described  in  Appendix  No.  10  of  the  report  for  1877.  He 
also  aided  Assistant  Schott  in  perfecting  the  building  and  apparatus  of  the  Magnetic  bbservatory 
at  Madison,  Wis. 

Mr.  A.  Yealman,  carpenter,  assisted  during  part  of  the  year  by  F.  E.  Lackey  and  C.  Webster, 
made  the  wood-work  for  instruments,  packed  them  for  transportation,  and  did  all  of  the  carpentry 
required  by  the  office. 

The  clerical  duties  in  the  office  of  the  assistant  in  charge  were  performed  by  Messrs.  M.  W. 
Wines,  W.  B.  French,  and  W.  A.  Herbert,  with  the  occasional  aid  of  Messrs.  F.  H.  Parsons  and 


George  A.  Morrison. 

As  heretofore,  the  expenditures  of  the  year  for  every  purpose  connected  with  field  work  and 
hydrography,  have  been  strictly  controlled  by  preceding  estimates,  of  which  each  item  as  to  its 
character  and  amount  has  been  separately  examined.  Party  estimates  are  revised  in  all  cases 
when  reductions  are  deemed  expedient,  and  are  approved  by  the  Superintendent  in  advance  of  any 
ouday  whatever.  The  control  thus  provided  for  is  made  complete  by  the  attention  of  the  disbursing 
agent,  J.  W.  Porter,  by  whom  the  accounts  of  the  chiefs  of  parties  are  kept  in  conformity  with  the 
approved  estimates. 

My  correspondence  with  the  surveying  parties,  needful  references  pertaining  to  the  progress 
of  work  under  my  official  instructions,  and  to  administrative  details  generally,  have  been  facilitated 
as  usual  by  the  care  of  Assistant  W.  W.  Cooper,  and  by  his  summary  of  the  operations  of  the  year 
in  the  field  and  afloat. 

Respectfully  submitted. 

CAELILE  P.  PATTERSON, 
Superintendent  Coast  and  Geodetic  Survey. 


Hon.  John  Sherman, 

Secretary  of  the  Treasury. 
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APPENDIX  No.  1. 

IHstribution  of  surveying  parties  upon  the  Atlantic^  Gulf  of  Mexico,  and  Facijic  coasts  of  the  United 

States  during  the  fiscal  year  1877-’78. 


Sctitiona.  Parties.  Operatious.  .  Persoim  condiietiug  opera tious.  Localities  of  work. 


Section  I. 


Maine,  Xew  Hanipabire,  No.  1 
VVriDont,  Maanachusetta, 
and  Rhode  Island,  iuclnd- 
in,i;  coast  and  sea-)>ort8,  2 

bays  and  rivers. 

3 


Hydrogi-aphy -  Lieut.  J.  F.  Moser,  V.  S.  N-,  as¬ 

sistant  ;  Masters  J.  B.  Munlock 
and  F.  E.  Greene,  F.  S.  N. 

Topography .  Charles  Hosmer,  assistant . . . 

Toiiography .  A.  W.  l^niglellow,  assistant . 


Soundings  extended  in  the  seaward  approaclies 
of  Mount  Desert  Island,  Me.  (See  also  Sec¬ 
tion  V.) 

Sun’ey  of  the  sbt)res  of  Skilling  River  at  the 
head  of  Frenchman's  Bay,  Me.  (See  also  Sec¬ 
tion  VIII.) 

Topography  of  the  north  t^hore  of  Blue  HiU  Bay, 


Skction  II. 


4  Hydrography .  Lieut.  J.  M.  Hawley,  U.  S.  N.,  as¬ 

sistant;  Masters  G.  C.  Hnnus 
and  A.  H.  Cobb,  U.  S.  N.;  En¬ 
sign  Albei't  Mertz,  U.  S.  N. 

5  Tidal  observations  J.  G.  Spaulding . . 


6  Geoiletic  .  Pi'of.  E.  T.  Quimhy 


7  Triaugulatiou -  F.  Blake,  jr.,  assistant. 


a  Ihiangulation _  G.  A.  Fairtield,  assistant 


9  Hydrography .  Master  Robert  Platt,  U.  S.  N.,  as¬ 

sistant;  Ensign  J.  P.  Under¬ 
wood,  U.  S.  N. 

10  Tides 


Uydrogi-aphy  of  Jericho  Bay,  including  the  vi¬ 
cinity  of  Deer  Isle  and  Isle  an  Haut,  coast  of 
Maine.  (See  also  Section  VI.) 

Series  of  tidal  and  metiHirologieal  observations 
continued  at  North  Haven,  in  Penobscot  en¬ 
trance. 

Triaugulatiou  at  Gun  stock  Mountain  and  Gil- 
f«ti*d,  for  determinbig  points  in  New  Hamp¬ 
shire. 

Determination  of  numerous  points  for  the  Har¬ 
bor  Commissioners’  survey  of  Boston  Upper 
Harbor. 

Po.sitions  tletenuined  of  light-houses  near  Prov- 
ineetown,  Plymouth,  Cohasset,  and  Marble¬ 
head,  coast  of  Mas.sachusetts.  (See  also  Sec¬ 
tion  XIV.) 

()b8ervation.H  on  the  sea  currouts  of  the  Gulf  of 
Maine. 

Tidal  obseiwatious  continued  with  self-register- 
ing  gauge  at  Providence,  R.  1. 


Ooniiecticut,  New  York, 
New  Jersey,  Pennsylva¬ 
nia,  and  Delaw'are,  in¬ 
cluding  coast,  bays,  and 
rivers.  , 


No.  1  Topography  and 
hydrography. 

2  Topography . 

3  ,  Topography . 


4  Hydrography- . 

5  Special . 

0  Tides . 

I 

7  j  Topography . 


Joseph  Hergesheiiner,  subassist-  Shore-line  survey  and  soundings  in  Duck  Island 


ant.  Harbor,  Conn.  (See  also  Sections  VI  and 

Vll.) 

R.  M.  Bacite,  assistant .  Detailed  topographical  survey  of  the  north  and 

west  approaches  to  New  Haven,  Conn.  (See 
also  Section  VI.)  ^ 

J.  W.  Donu,  a.ssistant .  Topography  of  the  westem  shoi*es  of  Jamaica 

Bay,  including  Rockaway  Inlet;  plane-table 
survey’  of  Coney  Island,  including  the  shores 
of  Sheepshead  Bay  and  Gravesend  Bay,  Long 
Island,  N.  Y. 


Lieut.  Washburn  Maynard,  U.  S.  Hydrography  of  the  western  part  of  Jam;;icu 
N.,  assistant;  Masters  W.  F.  Bay,  including  Rockaway  Inlet  and  its  ap- 
Low  and  S.  H.  May,  U.  S.  N.  ,  pioaches,  Long  Island,  N.  Y.  • 

C.  S.  Peirce,  assistant .  Peudulunr  expertments  at  New  York  City  for 

determining  the  foroe  of  gravity. 

R.  T.  BasH<*tt;  J.  W.  Ban  ford -  Tidal  observations  continued  with  self-register¬ 

ing  gauges  at  Governor’s  Island,  in  New  York 
Harbor,  and  at  Sandy  Hook,  New  York  Bay. 
H.  L.  Whiting,  assistant;  W.  C.  Topographical  survey  of  the  east  side  of  Hudson 
Hodgkins,  aid.  River  between  Croton  and  Peekskill,  N.  Y. 
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APPENDIX  No.  1 — Continued. 


Sections. 


Parties.  Operations. 


Persons  conducting  operations. 


Section  II — Continued.  No.  8  Special  . 


9  Triniigiilatiou 


O.  H.  Tittmann,  assistant;  An¬ 
drew  Braid,  subassistant;  J.  B. 
Baylor,  aid. 

Eichard  D.  Cults,  assistant ;  C.  H. 
Sinclair,  aid. 


10  Astnmomical  ob-  Edwin  Smith,  subassistant ;  J.  B 
servations.  Baylor,  aid. 


11 

Geodetic . 

Prof.  Edward  A.  Bowser . 

12 

Geo<letic . 

Prof.  Lewis  M.  Haupt . 

13 

Astronomical  ob 

Edwin  Smith,  snbas.sistant ;  J.  B. 

serrations.  Baylor,  aid. 

14  Triangulation -  S.  C.  McCorkle,  assistant. 


15  Physical  survey  ..  H.  Mitehell,  assistant;  H.  L.  Ma- 
rindin,  assistant ;  J.  B.  Weir,  aul. 


16  I  Triangolation _  J.  A.  Sullivan,  assistant . 


Section  III. 

Marj'land,  Virginia,  and 
West  Virginia,  includ¬ 
ing  bays,  sea-poits,  and 
rivers. 


Localities  of  work. 

Lines  of  level  run  between  tidal  bench-marks  at 
Stuyvesanl  and  Albany.  (See  also  Sections 
III,  IX,  XIII,  XIV,  and  XV.) 

Primary  trinngulation  extended  in  this  section 
by  observations  at  Mount  Tom,  in  Massachu¬ 
setts,  and  at  Mount  Equinox,  in  Vermont. 
(See  also  Sections  VIII,  IX,  XIII,  and  XIV.) 

Determinations  of  latitude  and  longitude  at 
points  near  the  boundary  line  between  Penn 
sylvania  and  New  York.  (See  also  Sections 
III,  VIII,  and  IX.) 

Points  determined  by  triangulation  in  the  north¬ 
ern  part  of  New  Jersey. 

Triangulation  continued  in  the  eastern  part  of 
Pennsylvania. 

Latitude,  longitude,  and  the  magnetic  elements 
determined  at  Harrisburg,  Pa.  (See  also  Sec¬ 
tions  m,  Vm,  and  IX.) 

Determination  of  points  for  the  special  survey 
of  Delaware  Kiver  at  Philadelphia. 

Special  observations  in  regard  to  the  tides  and 
currents  of  the  Delaware  River  at  and  near 
Philadelphia. 

Positions  determined  of  light-houses  in  Delaware 
Bay. 


No.  1  Topogi-aphy .  C.  M.  Bache,  assistant .  Plane-table  survey  continued  eastward  of  Nor¬ 

folk,  Va.,  between  Elizabeth  River  and  Cape 
Henry. 

2  Tides .  W.  J.  Bodell . . . j  Tidal  observations  with  self-registering  gauge 

continued  at  Fort  Monroe,  Chesapeake  Bay, 
Va. 

Observations  on  salinity  and  density  of  the  wa¬ 
ters  of  Chesapeake  Bay.  (See  also  Sections 
TV  and  VI.) 

Charles  Junken . .  Vertical  heights  of  the  great  flood  in  the  Poto- 

I  mac  River  deterrainetl  at  several  points  and 
referred  to  bench-marks. 

Charles  A.  Schott,  assistant . j  Determination  of  the  magnetic  declination,  dip, 

and  intensity  at  the  permanent  station  on  Cap- 
1  itol  Hill,  Washington.  D.  C. 

6  Levels . .  Edwin  Smith,  subassistant .  Lines  run  with  the  spirit-level  from  Hagerstown 

I  westward,  in  Maryland.  (See  also  Sections  II 

and  VIII.) 

7  Levels .  Andrew  Braid,  subassistant .  Continnation  of  lines  of  level  in  Western  Mary¬ 

land  towards  Cumberland.  (See  also  Sections 

I  II,  IX,  XIII,  XIV,  and  XV.) 

8  j  Triangulation .  A.  T.  Mosman,  assistant  .  Stations  occupied  on  the  Blue  Ridge,  Va.,  for  tri- 

angulation  connecting  the  Kent  Island  base 

i  line  with  the  base  line  near  Atlanta,  Oa. 


Special  hydrogra¬ 
phy. 

Special . 


Lieut.  Fred.  Collins,  U.  S.  N.,  as¬ 
sistant;  Master  Francis  Wins¬ 
low,  D.  S.  N. 


Magnetic  observa¬ 
tions. 


Section  IV. 

North  Carolina,  including 
coast,  sounds,  sea-ports, 
and  rivers. 


No.  3  Hydrography . 


2  I  Triangulation. . . . 

3  I  Topography . 

I 

4  ]  Triangulation. . . . 


Lieut.  Fred.  Collins,  D.  S.  N.,  as¬ 
sistant;  Masters  Francis  Wins-  | 
low  and  H.  H.  Barroll,  U.  S.  N. ;  j 
J.  R.  Barker,  draughtsman.  1 
F.  H.  Gerdes,  assistant ;  L.  C.  Kerr.} 


C.  T.  lardella,  assistant  . 


C.  O.  Bontelle,  assistant;  C.  A. 
Ives,  aid ;  J.  B.  Bontelle. 


Special  examination  of  the  coast  between  Cape 
Henry  and  Cape  Fear,  and  compilation  of  ma¬ 
rine  notes  for  the  Coast  Pilot.  (See  also  So<*- 
tions  III  and  VI.) 

Life-saving  stations  determined  in  position  be¬ 
tween  Cape  Henry  and  Cape  Hatteras. 

Plane-table  survey  of  the  shores  of  Cape  Fear 
River  below  Wilmington,  N.  C. 

Stations  occupied  in  North  Carolina  for  closing 
the  triangulation  between  the  base  in  Kent 
Island,  Md.,  and  the  bass  near  Atlanta,  Ga. 
(See  also  Section  Vm.) 
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APPENDIX  No.  1-^ontinued. 


Sections.  'Parties.  Operations. 


Persons  conducting  operations. 


Localities  of  work. 


SRcnoic  V.  I  i 

South  Carolina  and  Greorgia, !  No.  1  Hydrography . I  Lieut.  J.  F.  Moser,  U.  S.  N.,  as-  ^  Hydrography  of  the  coast  of  South  Carolina 

including  coast,  sea- water  '  sistant;  Masters  A.  C.  Billing-  '  above  Murrell's  Inlet,  including  Little  River 

channels,  sounds,  harbors,  ham,  J.  B.  Murdock,  and  F.  E.  |  and  its  approaches.  (See  also  Section  1.) 

and  rivers.  1  I  Greene,  U.  S.  N. 


Section  VI. 

East  Florida,  from  Saint 
Mary’s  River  to  Anclote  j 
Keys,  on  the  west  coast,  | 
including  the  coast  ap¬ 
proaches,  reefs,  keys,  sea¬ 
ports,  and  rivers. 


No.  1  '  Hydrography .  Lieut.  Fred.  Collins,  U.  S.  N.,  as- 

I  I  sistant ;  Masters  Francis  Wins¬ 

low  and  H.  H.  BarroU,  U.  S.  N.  ; 
J.  R.  Barker,  draughtsman. 

2  Tides .  H.  W.  Bache  . . 

I 

3  Hydrography! .  Lieut.  Commander  C.  M.  Chester, 

^  '  U.  S.  N.,  assistant ;  Lieuts.  Uriel 

Sebree  and  A.  V.  Wadhams, 

I  U.  S.  N. ;  Master  T.  G.  C.  Salter, 
j  U.  S.  N. ;  Ensign  C.  H.  Amsden, 

u.aN. 


Coast  examinations' between  Fernandina,  Fla,, 
and  the  Dry  Tortugas,  and  marine  notes  for 
completion  of  the  Coast  Pilot.  (See  also  Sec¬ 
tions  III  and  V.) 

Tidal  observations  with  self-registering  gauge 
at  Fernandina,  Flo. 

Hydrography  of  the  eastern  coast  of  Florida 
from  Mosquito  Inlet  southward  and  eastward 
to  Cape  Canaveral. 


4  Triangulation,  to-  F.  W.  Perkins,  assistant  (part  of  |  Survey  of  the  shores  of  Saint  John's  River,  na., 
pography,  and  |  season) ;  W.  L  Vinal,  subassist-  south  of  San  Patyicio  Point,  and  soundings  ex- 

!  hydrography.  ant  (part  of  season) ;  Ensign  J.  tended  from  that  point  southward  to  stations 

P.  Underwood,  U.  S.  N. ;  C.  A.  beyond  Tocoi,  Fla.  (See  als^  Section  VIII.) 


Ives,  aid  (part  of  season). 

5  Topograph  J'  and  |  R.  M.  Bache,  assistant;  W.  I.  Vi-  Sur\"ey  of  Indian  River  below  Cape  Cafiaveral, 
^  hydrography.  nal,  subassistant  (part  of  sea-  and  soundings  completed  in  Banana  River, 

'  sou) ;  Lieut.  Thomas  N.  Lee,  Fla.  (See  also  Section  II.) 

U.  S.  N. ;  C.  A.  Ives,  aid  (part 
I  of  season). 

6  Hydi-ography .  Lieut.  J.  M.  Hawley,  U.  S.  N. :  Hydrography  of  Charlotte  Harbor,  Fla.  (See 

Masters  G.  C.  Hanus,  A.  H.  ^  also  Section  VII.) 

Cobb,  and  Albert  Mertz,  U.  S.  N. 

7  Triangulatiou  —  Joseph  Hcrgesheimer,  subassist-  Triangulation  of  Sarasota  Bay,  Fla.  (See  also 

'  ant.  Sections  II  and  VII.) 

Section  VII. 


West  I'lorida,  from  Anclote  No.  1 
Keys  to  Perdido  Bay,  in¬ 
cluding  cuast,  ports,  and 
rivers.  2 


Section  Vin. 


Topogiaphy  and  Joseph  Hergesheimer.  siibassist-  Shoiv-line  survey  and  soundings  in  Crooked 
hydrography.  ant.  River,  atljacent  to  Saint  George’s  Sound,  Fla. 

(See  also  Sections  II  and  VI.) 

Hydrography .  Lieut.  J.  M.  Hawley,  U.  S.  N.,  as-  Supplementary  soundings  in  Duer’s  Chi^mel  and 

sistant;  Masters  G.  C.  Hanus,  |  off  Light-House  Point,  Saint  George’s  Sound, 
\  A.  H.  Cobb,  and  Albert  Mertz,  Fla.  (See  also  Section  VI.) 

U.  S.  N. 


Alabama,  Mississippi,  Lou¬ 
isiana,  and  Arkansas,  in¬ 
cluding  Gulf  coast,  ports, 
and  rivers. 


No.  1  Hydrography . i  Lieut.  Commander  C.  D.  Sigsbeo, 

^  U.  S.  N.,  assistant;  Lieuts.  S. 
M.  Ackley  and  W.  O.  Sharrer, 
U.  S.  N. ;  Masters  H.  M.  Jacoby 
j  and  Henry  McCrea,  U.  8.  N. ; 
j  Ensign  G.  H.  Peters,  U.  S.  N. 

2  Triangulation,  to-  |  W.  H.  Dennis,  assistant;  F.  C. 
j  pography,  and  Bonn,  aid. 

hydrography,  j 

I 

L 

3  I  Hydrography . j  Lieut.  W.  1.  Moore,  U.  S.  N.,  as¬ 

sistant  ;  Lieuts.  W.  F.  Low  and 
I  S.H.May,*U.S.N. 

4  Special . 1  G.  Faust . . 


5  Azimuth  and  bases  H.G.  Ogden,  assistant;  C.  H.  Siu- 
I  j  clair,  aid ;  W.  B.  French. 


Deep-sea  soundings,  with  observations  for  tem¬ 
perature  'and  density,  in  the  waters  of  the 
Gulf  of  Mexico. 


Triangulation  and  topography  of  Barataria  Bay, 
La.,  completed  and  connected  with  the  survey  of 
Mississippi  River.  Supplementary  soundings 
in  the  upper  branches  of  the  baj’.  Ttiangula- 
tion  of  the  Mississippi  River  in  the  vicinity  of 
Natchez,  Miss. 

Soundings  in  the^approochos  and  entrance,  and 
inside  of  Barataria  Bay,  La. 

Continuous  observatious'with  a  tide-gauge,  and 
record  of  the  height  of  the  water  of  the  Missis¬ 
sippi  at  New  Orleans,  La. 

Measurement  of  base  lines  and  azimuth  at  Don¬ 
aldson  ville,  La.,  and  at  Natchez  and  Vicksburg, 
Miss.  (See  also  Section  IX.) 
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APPEXDIX  Xo.  1 — Continued. 


OperatioDS. 


Persons  conducting  operations. 


Localities  of  work. 


Section  VIII— Continued.  No.  C  Triangiilaiion .  F.  W.  Perkins,  assistant  .. 

7  Triangulatioii _ |  Charles  Hosmer,  assistant 

‘  8  Astronomical  ob-  |  Edwin  Smith,  subassistaiit 

serrations. 


9  Triangiilation . '  C.  H.  Boyd,  assistant;  C.  H.  Van 

Orden,  aid. 

10  Triangiilation .  F.  D.  Granger,  assistant ;  Prof.  A . 

H,  Buchanan,  part  of  season. 

1 1  Trianguiatiou .  C.  O.  Boutelle,  assistant . 

Section  IX. 

Texas  and  Indian  Territory,  No.  1  Rcconuai.ssaiice  ..  H.  G.  Ogden,  assistant ;  C.  H.  Sin- 
including  Gulfcoast,  bays,  j  clair,  aid. 

and  rivers. 

2  Trianguiatiou .  R.  E.  Haltef,  assistant  . 

3  Magnetic  observ’a-  J.  B.  Baylor,  aid  . . . 

I  tions. 

4  Magnetic  obscrva-  ^ . 

tions. 

Section  X. 

California,  including  the  No.  1  Hydrograpliy 
coast,  bays,  harbors,  and  ^ 
rivers. 


2  Triangulation 

3  Hydrography 


4  Topography  . 

5  Hydrography 


6  Topography  . 

7  Hydrography^ 


Lieut.  Commander  G.  W.  Coffin, 
V.  S.  N.,  assistant ;  Lieuts.  W. 
TV.  Gilpatrick,  F,  J.  Drake,  C. 
TV.  Jarboe,  and  TV.  H.  Driggs, 
U.  S.  N. ;  Master  R.  Mitchell, 
U.  S.  N. 

D.  B.  TVainwright,  aid . 


....|  Lieut.  E.  H.  C.  Leut/.e,  V.  S.  N., 
assistant ;  Lieuts.  E.  K.  Moore 
and  E.  S.  Prime,  U.  S.  N. ;  Mas¬ 
ters  J.  H.  Bull  and  R.  H.  Galt, 
U.S.N. 

_  Stehman  Forney,  assistant  . 

_  Lieut  Commander  G.  TV.  Coffin,  | 

U.  S.  N.,  assistant;  Lieuts.  TV. 
j  TV.  Gilpatrick,  F.  J.  Drake,  C. 
W.  Jarboe,  and  TV.  H.  Driggs, 
U.  S.  N. ;  Master  R.  Miti  hell, 
r.  S.  N. 

-  A.  TV.  Chase,  assistant . 

_  Lieut.  Frank  Courtis,  U.  S.  N.,  as¬ 
sistant  ;  Lieuts.  E.  H.  C.  Leutze 
and  E.  K.  Moore,  V.  S.  N. ;  Mas- 
i  ters  J.  H.  Bull  and  R.  H.  Galt,  ' 

I  U.S.N.  ! 


Triangulation  of  the  Mississippi  River  above 
Donaldson ville,  La.  (See  also  Section  VL) 

Triangiilation  for  the  survey  of  the  Mississippi 
River  in  the  vicinity  of  Vicksburg  and  Green¬ 
ville,  Miss.  (See  also  Section  I.) 

Latitude  observations  at  Natchez,  Vicksburg, 
and  Greenville,  Miss.,  and  at  Helena,  Ark. 
Longitude  of  the  same  places  determined  by 
telegraphic  exchangea  with  Nashville,  Tenn., 
in  Si'ction  XIII.  Observations  for  azimuth  at 
Vicksburg  and  Helena.  (See  also  Sections  II 
and  HI.) 

Measurement  of  a  base  line  near  Helemi,  Ark., 
and  triangulation  of  the  Mississippi  River 
upwards  to  Bennett's  Landing.  • 

Trianguiatiou  continued  in  Northern  Alabama, 
and  reconnaissance  in  Northern  Mississippi. 

Reconnaissance,  and  triangulation  extendeil 
westward  from  stations  in  the  licinity  of 
Huntsville.  Ala.  (See  also  Section  IV.) 

Examination  of  the  coast  of  Texas  for  triangn. 
lation  to  extend  from  Galveston  Bay.  Tex.i 
towards  Vermilion  Bay,  La.  (See  also  Section 
VIII.) 

Triangulation  of  Laguna  Madre,  Tex.,  continued 
southward  of  Baffin's  Bay. 

Magnetic  declination,  dip,  and  intensity  deti'i*- 
mineil  at  Dollar  Point,  San  Antonio,  Hempstead, 
and  Groesbeck,  Tex.  (See  also  Section  II.) 

Magnetic  elements  determined  at  Vinita,  Ind. 
T.  (Sic  also  Scetjons  II,  III,  XIII,  XIV, 
and  XV.) 

Hydrographic  survey  of  the  bar  and  of  parts  of 
the  harbor  of  San  Diego,  Cal.  (See  also  Sec 
tion  XL) 


Trianguiatiou  for  determining  the  position  of 
San  Clemente,  and  of  Santa  Barbara  Island, 
off  the  coast  of  California. 

Hydrography  of  the  Santa  Barbara  Channel, 
from  Point  Diime  westward  to  Santa  Cruz 
Island,  Cal. 


Plane-table  survey  continued  on  Catalina  Island, 
Cal. 

Hydrography  of  approaches  to  the  western  part 
of  Catalina  Island.  (See  also  Section  XL) 


Toi>ographical  survey  of  the  coast  in  the  vicinity 
of  Point  Arguello,  Cal. 

Hydrogi-aphy  of  the  Santa  Barbara  Channel  be¬ 
tween  Santa  Itosa  Island  and  Point  Concepcion, 
Cal. 
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Sections. 

SEcnoN  X — Continued. 


SEcnoN  XI. 

Oregon  and  Washington 
Territory,  including  coast, ; 
interior  bays,  ports,  and 
rivers.  | 


SKcnoif  xn. 

Alaska  Territory . 

Section  XHI. 
Kentucky  and  Tennessee  . . 


APPEISHDIX  No.  1 — ^Continued. 


Parties.  Operations.  Persons  conducting  operations.  |  Localities  of  work. 


No.  8  Triaugulation  and  W.  E.  Green  well,  assistant .  Detailed  survey  of  the  coast  of  Califomia  from 

topography.  j  Ynez  River  northward  towards  Point  Sal. 

9  Topography .  A.  F.  Rodgers,  assistant ;  D.  B.  '  Topography  of  the  coast  of  Califomia  north  and 

Wainwright,  aid  (part  of  season).  south  of  Point  Sur. 

10  Tides .  E.  Gray . 1  Tidal  observations,  with  self-registering  gauge, 

continued  at  Saucelito,  inside  of  San  Francisco 
♦  I  Bay,  CaL 

11  Triangulation .  George  Davidson,  assistant;  B.  *  Supplementary  observations  lor  completing  the 

measurement  of  horizontal  angles  at  Mount 
Helena  and  Mount  Diablo,  Cal.  (See  also  Sec- 

I  tion  XI.) 

12  Reconnaissance  *..  Clev'eland  Rockwell,  assistant -  Examination  for  points  of  primary  triangulation 

I  along  the  coast  between  Point  Arenas,  Cal., 

and  Cape  Blanco,  Oreg. 

13  Astronomical  ob-  B.  A.Colonna,  subassistant;  J.  F.  !  Latitude  and  longitude  determined  at  Summit, 

serrations.  1‘ratt,  aid.  t  Nev.,  and  observations  recorded  of  the  transit 

of  Mercury. 


A.  Colonna,  subassistant ;  J.  F. 
Pratt,  aid. 


No.  1  Hydrography .  Lieut  Commander  G.  W.  Coflin,  i 

U.  S.  N.,  assistant;  Lieuts.  R. 
Clover,  F.  J.  Drake,  C.  W.  Jar-  | 
hoe,  and  W.  H.  Driggs,  U.  S.  N. ;  | 
Master  R.  Mitchell,  U.  S.  N. 

2  Topography  and  J.  J.  Gilbert,  assistant . 

hydrography. 

3  Reconnaissance ...  James  S.  Lawson,  assistant . 


4  Reconnaissance. . .  i  George  Davidson,  assistant;  B.  A.  I 

)  I  Colonna,  subassistant;  J.  F.  i 

Pratt,  aid. 

5  Hydrography .  Lieut  RichaM  M.  Cutts,  U.  S.  N.,  ' 

^  assistant;  Lieuts. A. B.Wyokoff  | 

and  IT.  R.  Harris,  U.S.N.  j 

6  Triangulation  and  ,  Eugene  Ellicott  subassistant . 

I  topography. 

I 

7  Triangulation  and  J.  J.  Gilbert,  assistant . 

topography. 

8  Inspection .  a1  F.  Rodgers,  assistant . 


Hydrography  of  the  approaches  to  Columbia 
River,  Oreg.  (See  also  Section  X.) 


Detailed  survey  of  the  shores  and  soundings  in 
the  Columbia  River,  Oreg.,  extended  upwards 
fh>m  the  vicinity  of  Mount  Coffin  to  TCalama> 

Selection  of  points  for  primary  triangulation  of 
the  Strait  of  Fuca  and  Washington  Sound, 
Wash.  Ter. 

Examination  of  sites  for  base  lines  in  upper 
Willamette  Valley.  Oreg.,  and  on  Whidbey 
Island,  Wash.  Ter.  (See  also  Section  X.) 

Hydrography  of  Admiralty  Inlet,  Wash.  Ter. 


Triangulation  and  topography  of  the  southern 
end  of  Puget  Sound  fh>m  Commencement  Bay 
to  Budd’s  Inlet,  Wash.  Ter. 

Survey  of  the  northern  part  of  Hood’s  Canal, 
Wash.  Ter. 

Reconnaissance  and  inspection  of  plane-table 
operations  on  the  shores  of  Columbia  River 
and  in  Washington  Territory.  (See  also  Sec¬ 
tion  X.) 


Na  1 


2 

3  I  Geodetic 


4  Glsodstie .  Prof.  W.  B.  Pi^s 


Compilation  of  the  titles  of  charts.  See.,  illustra¬ 
tive  of  the  coast  features,  and  hydrography  of 
Alaska,  and  material  descriptive  of  the  re¬ 
sources  of  the  Territory. 

Latitude  and  longitude  determinations  at  Mem¬ 
phis  and  NashviUe,  Tenn. ;  at  Cairo,  HI. ;  at 
Hickman  and  Paducah,  Ky. ;  and  telegraphic 
exchange  of  signals  from  Nashville  for  the 
longitude  of  points  in  Section  VHI. 

Magnetic  declination,  dip,  and  intensity  observed 
at  Nashville,  Tenn.  (See  also  Sections  II,  ITT, 
rx,  XIV,  and  XV.) 

Latitude  and  azimuth  determinations  near  Leb¬ 
anon,  Tenn.,  and  signals  erected  for  the  trian¬ 
gulation  in  that  vicinity.  (See  also  Section 

vm.) 

Reconnaissance,  and  selection  of  stations  for  tri- 
angulation  in  Xentnoky,  bstwssn  Cumberland 
Gap  and  the  Ohio  Rirer. 


Office  work .  W.  H.  Dali ;  Mm^us  Baker  . 


Astronomical  ob-  George  W.  Dean,  assistant ;  Will- 
servations.  iam  Eimbeck,  assistant;  H.W. 

Blair,  subassistant;  F.  H.  Par¬ 
sons;  Prof  A.  H.  Buchanan, 
part  of  season. 

Magnetic  observe-  Andrew  Braid,  subassistant . 

tions. 

Prof  A.  H.  Buchanan . . . 
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APPENDIX  No.  1 — Continued. 


Sections. 

1 

Parties. 

Operations. 

1  Persons  oonducting  operations. 

1  Localities  of  work. 

Section  XTV. 

1 

1 

1 

Ohio,  Indiana,  Illinois,  Wis¬ 
consin,  and  Michigan. 

1 

*  No.  1 

Geodetic . 1.  J 

1  Prof.  R,  8.  Devol . 

Reconnaissance  in  Ohio  for  triangulation  to 
determine  geographical  positions  between 
Athens  and  Columbus. 

2 

Geodetic . 

i 

Prof.  J.  L.  Campbell . 

1  Reconnaissmice  in  Indiana  for  triangnlation 
north  of  JeflEersonvillo. 

8 

Keconnaissance ... 

1 

G.  A'.  Fairfield,  assistant . 

)  Selection  of  stations  for  triangulation  in  Southern 
<  Dlinois.  (See  also  Section  I.) 

4 

Geodetio . 

Prof  J.  E.  Davies . 

1  Determination  of  points  by  triangulation  near 

1  Madison,  Wis. 

* 

Magnetic  observa¬ 
tions.  1 

!  Andrew  Braid,  subassistant . 

1  Magnetic  declination,  dip,  and  intensity  observed 
at  Madison  and  La  Crosse,  Wis.  (See  also 
t  Sections  II,  III,  IX,  XIII,  and  XV.) 

Section  XV. 

Missouri,  Kansas,  Iowa, 
Nebraska,  Minnesota, 
and  Dakota. 

1 

1 

No.  1 

Magnetic  observa¬ 
tions.  1 

Andrew  Braid,  subassistant  . 

1 

1 

^  Magnetic  elements  determined  at  Minneapolis, 
Minn. ;  Sibley,  Des  Moines,  Davenport,  and 

1  Keokuk,  Iowa ;  Omaha.  Nehr. ;  and  at  Law¬ 
rence,  Kans.  (See  also  Sections  II,  III,  IX, 

1  Xm,  and  XTV.) 
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APPENDIX  No!  2. 

Statiatics  of  field  and  office  work  of  the  United  States  Coast  Survey  to  the  close  of  the  year  1877. 


Description. 

Total  to  De¬ 
cember  31, 
1876. 

1877. 

RECONNAISSANCE. 

Arm  iu  square  ntatntA  mileA  . . . . . . . 

202,166 

11, 159 

4 

Parties,  nnmber  of,  in  year . . 

BASE  LINES. 

Primary,  number  uf ,  ...  . . . . . 

13 

0 

Subsidiary,  nnmber  of .  . 

105 

2 

Primary,  length  at,  in  stai  ute  miles . 

79 

0 

Subsidiary  and  line  measures,  length  of,  in  statute  miles .  . 

2381 

1  98,133 

1  8,569 

15,797 
485 

6 

TRIANOULATION. 

Area  in  square  statute  miles . 

Stations  occupied  for  horizontal  angles,  number  of . 

8, 892 
301 

Geographical  positions  determined,  number  of . 

739 

Stations  occupied  for  vertical  angles,  number  of . . . . 

22 

Elevations  determined,  nnmber  of . 

1, 183 

110 

Lines  of  spirit-levelling,  length  of. . 

633| 

1  m 

29 

Parties  (triangulation  and  levelling),  number  of,  in  year . 

. 

ASTRONOMICAL  WORK. 


Azimath  stationa,  number  of . 

Latitude  stations,  nnmber  of  . 

Longitude  stations  (telegrapbic),  number  of . 

Longitude  stations  (chronometric  and  lunar),  number  of 
Astronomical  parties,  nnmber  of,  in  year . 


135 

226 

83 

110 


MAONKTIC  WORK. 


Stations  occupied,  number  of . 

Permanent  magnetic  stations,  number  of,  in  y5ar. 
Magnetic  i>arties,  number  of,  in  year . 


385 


TOPOGRAPHY. 


Area  surveyed  in  square  miles  . 

Length  of  general  coast, in  miles  . 

Length  of  shore  line,  in  miles  (including  rivers,  creeks,  and  ponds) 

Length  of  roads  in  miles . 

Topographical  parties,  number  of,  in  year . 


28,101 

5,969 

72,562 

38,173 


HYDROORAPHT. 


Parties,  number  of,  in  year . 

Number  of  miles  run  while  sounding . 

Area  sounded,  in  square  miles  . . . 

HQes  run,  additional,  of  outside  or  deep-sea  soundings . 

Number  of  soundings .  . 

Soundings  in  Gulf  Stream  for  temperature . 

Tidal  stations,  permanent .  . 

Tidal  stations  occupied  tt^mporarily . 

Tidal  parties,  number  ot  in  year . 

Current  stations  occupied.  . 

Current  parties,  number  of,  in  year . 

Number  of  deep-sea  soundings  in  year . 

Spechnens  of  bottom,  number  of . 


300, 373 
72, 756 
51,963 
13, 995, 310 
4,072 
213 
1,613 


416 


10,500 


RECORDS. 

Triangulation,  originals,  number  of  volumes . 

Astronomical  observations,  originals,  number  of  volumes . 

Magnetic  observations,  originals,  number  of  volumes . . 

Duplicates  of  the  above,  number  of  volumes . 

Computations,  number  of  volumes . . 

Hydrographical  soundings  and  angles,  originals,  number  of  volumes . 
Hydrographical  soundings  and  angles,  duplicates,  number  of  volumes 

Tidal  and  current  observations,  originals,  number  of  volumes . 

Tidal  and  current  observations,  duplicates,  nnmber  of  volumes . 

s.  Ex.  13 - 10 


2,186 
1, 221 
363 
2,324 
2,489 
7, 228 
839 
8,011 
1,965 


2 

11 

0 

0 

6 

9 

2 

4 

218 
27 
1, 032 
258 
18 


18 
12,094 
1,810 
6,467 
678, 873 
0 
12 
48 
31 
52 
2 

1,038 

189 


135 
36 
13 
111 
103 
283  I 
126  ' 


Total  to  De¬ 
cember  31, 
1877. 


213,325 


13 

107 

79 

243i 


106,525 

8,860 

16,536 

507 

1,298 

677 


187 

237 

92 

110 


894 


26,819 

5,996 

73,594 

38,431 


312,467 
74,566 
58,430 
14, 574, 183 
4,072 
225 
1,656 


468 


10,689 


2,321 
1,267 
876 
2,435 
2,592 
7, 611 
965 
8,091 
2,031 
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Description. 

Total  to  De¬ 
cember  81, 
1876. 

1877. 

Total  to  De- 
oemberSl, 
1877. 

Records — Continued. 

Sheets  from  self-registering  tide-gauges,  number  of . . 

2,460 

08 

2,552 

Tidal  reductions,  number  of  volumes . 

1,643 

40 

1,683 

Total  number  of  volumes  of  records . 

28,160 

•4,262 

MAPS  AND  CHARTS. 

1,530 

1,427 

701 

13 

1,548 

1,472 

814 

45 

Reductions  from  original  sheets  . 

23 

Total  number  of  manuscript  maps  and  charts,  to  and  including  1876 . 

2,552 

28 

2,375 

Number  of  sketches  made  in  field  and  office . 

2,048 

40 

2,007 

ENGRAVING  AND  PRINTING. 

Engraved  plates  of  finished  charts,  number  of . 

213 

6 

219 

Engraved  plates  of  preliminary  charts,  sketches,  and  diagrams  for  the  Coast  Survey  Reports,  nmberof. 

568 

4 

572 

Electrotype  plates  made. . . . . . 

1, 216 

TO 

1,880 

Finished  charts  published  ...  . 

188 

86 

288 

Preliminary  charts  and  hydrographical  sketches  published . 

404 

6 

680 

Printed  she«‘ts  of  maps  and  charts  distribute.!  . . . 

364,608 

20.878 

886,876 

Printed  sheets  of  maps  and  charts  deposited  with  sale  agents .  . 

132,006 

5,604 

138,800 

LIBRART. 

Number  of  volnmes . .  . . . .  . . . . . . . . . 

6,210 

166 

6,486 

INSTRUMENTS. 

•117,407  16 

34,107  10 

8121,604  85 
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APPENDIX  No.  3. 

InformaUonfkrnished  fnm  the  CoaM  cmd  Geodetic  Survey  Office^  by  tracings  from  original  sheets^ 
in  reply  to  special  calls j  for  the  fiscal  year  ending  with  June^  1878. 

Date;  I  KMne.  Data  furnished. 


1877. 

July  25  United  States  Light-Honse  Board . 

Aug.  2  John  L.  Edwards,  esq.,  Jacksonville,  Fla . 

0  Charles  Crook,  civil  engineer . 

S  George  B.  Howell,  esq . 

2D  BUsha  B.  Potter,  esq.,  Rhode  Island . 

24  George  'tT.  Atherton,  esq.,  Hew  Bnmswlok,  H.  J . . 

S^t  4  T.  T.  Price,  esq.,  Tnokerton,  N.  J . . 

7  O.  BL  Kelley,  secretary  Hational  Grange  of  the  Patrons 
of  Husbandry* 

IS  S.  T.  Abert,  United  States  civil  engineer . 

27  Elisha  B.  Potter,  esq.,  Kingston,  B.  I . . 

Oci  15  M.  Robertson,  esq.,  of  Maryland  Steamboat  Company - 

18  F.  Richardson,  esq . . 

18  TFoobnan  A  Rose,  Camden,  H.  J . 

20  D.  M.  Carter,  esq.,  of  Korth  Carolina . 

22  I  Nichols  Sc  Richards,  law  firm.  New  York . 

25  ^  Hon.  C.  E.  Hooker,  of  IRsBtsstppi. . 

I 

25  I  Lient.  Charles  Bird,  acting  assistaoit  quartermaster,  U. 
8.  A.,  Fort  Columbus,  New  York  Harbor. 

Nov.  I  I  Mi^-  Gen.  John  Newton,  Corps  of  Engineers . 

I 

2  I  Harbor  Commission  of  Massachusetts . 

9  I  John  J.  Evans,  esq.,  Washington  City . 

12  j  W.  J.  Lewis;  esq . 

21  I  G.  R.  Talcott,  esq.,  James  River  improvement  force . 


28  I  Hon.  E.  Pilshury,  mayor  of  New  Orleans. 
Dec.  18  I  W.  W.  Dewhurst,  esq.,  Jacksonville,  Fla 


Chart  of  upper  part  of  Tampa  Bay,  Fla.,  scale  1-40,000,  prepared  from 
photographic  reductions  of  the  original  hydrographic  sheets. 

Approximate  distances  on  the  Saint  John's  River  from  Railroad  Wharf, 
Jacksonville,  to  Enterprise,  on  Lake  Monroe. 

Shore  line  survey  of  1835,  reduced  to  1-40,000  scale,  of  the  south  side  of 
Long  Island,  from  Kockaway  Beach  to  Coney  Island. 

Geographical  positions  of  triangulation  points  in  South  and  East 
Hampton,  Long  Island. 

Topographical  survey,  vicinity  of  Point  Judith,  from  Tower  Hill  to 
Green  Hill  Pond,  Rhode  Island. 

Topographical  survey  of  Squau  Inlet,  N.  J.,  survey  of  1868.  * 

Length  of  sea-coast  of  New  Jersey  ftom  Cape  May  light-house  to 
Sandy  Hook  Spit. 

Hydrographic  survey  of  Saint  George’s  Sound  and  approaches,  from 
East  Pass  to  Dog  Island  Bar. 

Hydfogtaphic  survey  of  Perquimons  River,  Albemarle  Sound,  N.  C. 

Topographical  survey  of  the  interior  of  Rhode  Island,  from  Boston 
Neck  to  Shunnock  Hill,  survey  of  1839. 

Hydrographic  survey  of  Secretary  Creek,  Choptank  River,  Md. 

Topographical  survey  of  the  environs  of  Norfolk  eastward  to  Lawson's 
Lake  and  Kemps ville.  Princess  Anne  County.  Va. 

Positions  of  life-saving  stations,  coast  of  New  Jersey,  from  Sandy  Hook 
to  Cape  May;  also  proofs  of  unfinished  charts  Nos.  21  and  22, 1-80,000, 
with  curves  of  depths  of  inside  waters  added  by  hand. 

Hydrographic  reconnaissance  of  upper  part  of  Alligator  River,  N.  C., 
and  proof  of  General  Coast  Chart  Y,  with  curves  of  depths  of  inside 
soundings  added. 

Topogr  phical  survey  of  Coney  Island,  made  in  1835,  and  copy  of  same 
published  in  1778,  by  Des  Barres. 

H^'drographic  survey,  approaches  and  entrance  to  Pearl  River,  La. 
and  Miss. 

Hydrographic  survey,  part  of  Buttermilk  Channel,  New  York  Harbor. 

Results  of  six  current  stations  in  Kill  van  Kull  and  lower  part  of 
Newark  Bay,  made  in  August  and  September,  1856,  accompanied  by 
graphic  illustrations. 

Hydrographic  and  topographic  survey  of  Wild  Harbor,  Buzzard  Bay. 

Copy  of  hydrographic  surveys  north  coast  of  Cuba,  El  Moro  to  Playa 
de  Marianao,  and  across  the  Yucatan  Channel,  1867  and  1872. 

Topographic  and  hydrographic  survey  of  Duck  Island  Harbor,  Long 
Island  Sound. 

Shoreline  and  triangnlation  points  of  the  James  River  from  Deep 
Water  light  to  Jamestown  Island.  Shore  line  and  triangulation 
X>oints  of  the  James  River  from  Westover  to  beyond  Harrison's 
Bar.  Shore  line  and  triangulation  points  of  the  James  River  from 
City  Point  to  beyond  Bermuda  Hundred.  Shore  line  and  triangnla¬ 
tion  points  of  the  James  River  from  Aikin  to  Cox’s  Landing,  includ¬ 
ing  Dutch  Gap  Canal. 

Shore  line  and  hydrography  of  Mississippi  River,  city  front  of  New 
Orleans. 

Hydrographic  survey  of  part  of  the  Saint  John's  River,  from  Jackson¬ 
ville  to  Cross's  Landing. 
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Date. 

Name. 

Data  furnished. 

1877. 

Dec.  17 

W.  W.  Dewharst,  esq.,  Jacksonville,  Fla . 

Additional  hydrography  of  the  Saint  John's  River,  ftnm  Cross's  Ledge 

28 

Harbor  Board  of  Baltimore,  Md . . . 

to  SaiUer’s  Point. 

;  Hydrographic  survey  of  Baltimore  Harbor  and  part  of  Patapsco  River, 

1878. 

Jan.  7 

Maine  Historical  Society . 

including  Ridgcley's  Cove,  from  survey  made  in  1845. 

Topographic  survey  of  approaches  to  Saco  River,  Me. 

16 

Dr.  M.  F.  Bonzano,  director  of  mint.  New  Orleans . 

Unfinished  proof  of  coast  chart  No.  95,  MiH.si88ippi  River,  La.,  from 

21 

Horatio  Seymour,  jr..  State  surveyor  and  engineer.  New 

Grand  Prairie  to  New  Orleans,  with  title  and  scales  added  by  hand. 
Hydrographic  survey  of  northern  shore  of  Long  Island  Sound  between 

29 

York. 

Donald  G.  Mitchell,  esq . 

j  Delancey  Point  and  Rye  Neck,  1837. 

1  Topographic  map  of  “Edgewood,"  New  Haven,  Conn.,  from  the  sur- 

Feb.  4 

William  Curlett,  esq.,  secretary  Ocean  Tow-Boat  Com- 

!  vey  by  the  United  States  Coast  Survey,  1876. 

Hydrographic  survey  of  Cubits  Crevasse,  Mississippi  River,  La. 

8 

pany,  New  Orleans. 

J.  S.  Purviance,  esq..  Live  Oak,  Fla . 

i 

Hydrographic  survey  of  approaches  U>  the  Suwannee  River,  Fla. 

8 

H.  G.  Scofield,  civil  engineer . — 

.  Tracing  from  topographical  survey  of  Bridgeport,  Conn.,  showing 

14 

W.  C.  Cranmer,  civil  engineer . 

location  of  triangiilation  points. 

Location  of  triangiilatiou  stations  along  the  Schuylkill  River,  with  list 

16 

Mi^.  Gen.  A.  A.  Humphreys,  Chief  of  Eugiueers . 

of  their  geographical  positions. 

[  Hydnrgraphic  survey  of  Rockaway  Inlet  and  part  of  Jamaica  Bay, 

!  N.  Y. 

1  Sketch  showing  location  of  tide-gauges  and  limits  wherein  each  was 

2& 

Lieut  J.  H.  Willard,  Corps  of  Engineers .  . 

27 

Lieut  G.  M.  Wheeler,  Corps  of  Engineers . 

1  used  for  the  leduction  of  the  soundings  between  Hudson  City  and 

1  Troy,  N.  Y. 

,  Sketches  and  n^sults  of  the  determination  of  Verdi  station,  Nev. 

Mar.  1 

John  Penn  Curry,  New  York  . 

Computation  of  acre  area  of  StaUm  Island,  N.  Y. 

6 

United  States  Light-House  Board . 

Hydrographic  survey  of  the  Thames  River,  Conn.,. from  Norwich  to 

0 

John  Winthrop  Harris,  esq.,  Dorchester,  Mass . 

Winthrop’s  Point,  compiled  to  the  wale  of  1-10,000. 

Topographic  survey  of  the  western  side  of  Campobello  Island,  New 

9 

1 

Hon.  James  B.  Eustis,  Sent,  .r  from  Louisiana  . 

Brunswick. 

1  Unfinished  proofs  of  Coast  Chart  No.  91,  Lakes  Borgne  and  Pontcbar- 

12 

C.  M.  Soria,  esq .  1 

j  train,  with  title,  si'ales,  and  notes  added. 

1  Unfinished  prt>of  of  Coast  Chart  No.  01,  Lakes  Borgne  and  Pontchar- 

18 

Mi^.  Gen.  John  Newton,  Corps  of  Engineers . 

train,  with  title,  scales,  and  notes  added. 

Compiloil  sketch  showing  changes  in  the  shore  line  of  Rockaway  Inlet, 

20 

W.  C.  Cranmer,  civil  engineer,  Philadelphia,  Pa . 

Long  Island,  from  the  surveys  made  in  1835,  1841,  1856,  and  1877. 
Hydrographic  and  t4>pographic  survey  of  the  Schuylkill  River  from 

23 

S.  T.  Abert,  United  States  civil  engineer . 

South  street  bridge  to  the  Delaware. 

Hydrogi-aphic  surveys  of  North  Landing  River  to  Coapjock  Bay,  N.  C., 

27 

Mi^.  J.  W.  Barlow,  Corps  of  Engineers . . 

1  made  in  1877  :  North  River,  N.  C.,  as  far  as  surveyed,  made  in  1860 ; 

1  and  Scnppernong  River  to  town  of  Columbia,  N.  C.,  made  in  1849. 
j  Hydrographic  survey  of  the  Thames  River,  Conn.,  from  Norwich  to 

28 

Henry  Nutt,  esq.,  WUraington,  N.  C . . 

1  Winthrop’s  Point,  compiled  to  the  scale  of  1-10,000. 

Unfinished  proofs  of  General  Coast  Chart  No.  VI,  scale  1-400,000,  from 

Apr.  3 

C.  A.  Locke,  engineer  State  geological  survey  of 

Cape  Hatteras  to  Cape  Romaiu,  and  Coast  Chart  No.  37,  Cape  Henry 
to  Currituck  Beach  light-house. 

C<dored  progress  sketch,  sea-coast  of  Georgia  from  Savannah  River  to 

17 

Georgia. 

J.  B.  Eads,  chief  engineer  of  South  Pass  jetty  im* 

1  Saint  Mary's  River,  scale  1-200,  000. 

Hydrographic  survey  of  1875  of  the  South  Pass,  from  the  Throat  of 

May  3 

provemcnt. 

C.  A.  Thompson,  esq.,  Santa  Barbara,  Cal  . . 

the  Pass  to  East  Point. 

Unfinished  proof  of  Santa  Barbara  Channel,  with  title,  notes,  Ac., 

9 

Capt.  C.  A.  Abbey,  United  States  Revenue  Service . 

added  by  hand. 

Unfinished  proofsof  Pamplico  Sound,  N.  C.,  upon  scales  of  1^00, 000 and 

18 

Prof.  G.  H.  Cook,  State  geologist  of  New  Jersey .  i 

1-80,000  ,  brought  up  to  date  by  hand. 

Topographic  survey  of  the  shores  of  the  Hudson  River  from  opposite 

23 

Hon.  J.  H.  Pugh,  M.  C.,  from  New  Jersey . 

Hoboken  to  Hastings,  on  the  scale  of  1-10, 000. 

Charts  of  the  const  of  New  Jersey  showing  positions  of  life-saving 

June  8 

Richard  M.  Pancoast,  C.  E.,  Camden,  N.  J . 

stations.  . 

Comparative  map  of  the  coast  of  New  Jersej*,  vicinity  of  Absecon 

and  Dry  Inlets,  from  the  surveys  of  1841  and  1869. 
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DRAWING  DIVISION. 

Charts  completed  or  in  progress  during  the  fiscal  year  ending  with  June,  1878. 


1.  Hydrography.  2.  Topography.  3.  Drawing  for  photographic  reduction.  4.  Details  upon  photographed  and  pantographed  outlines. 

5.  Inking  and  lettering  sheets.  6.  Verification. 


Titles  of  charts. 

Scale. 

Draughtsmen. 

Remarks. 

SaUing  chart  A,  Cape  Sable  to  Cape  Hatteras,  H.  C . 

General  ccMist  chart  No.  Ill,  Gay  Head  to  Cape  Henlopen, 

1-1, 200, 000 
1-400,000 

2.  A.  Lindenkohl . 

1.  A.  Lindenkohl.  1.  H.  Lindenkohl . 

Additions. 

Do. 

Del. 

General  coast  chart  No.  V,  Cape  Henry  to  Cape  Look- 

1 

1-400,000 

1.  A.  Lindenkohl.  1  and  2.  H.  Lindenkohl. 

Do. 

out,  N.  C. 

General  coast  chart  No.  VT,  Cape  Hatteras  to  Cape  Ro- 

1-400,000 

2.  A.  Lindenkohl . 

Do. 

main,  S.  C. 

Coast  chart  No.  4,  Penobscot  Bay,  Me  . 

1-80,000 

L.Karcher(general lettering).  1.  C.  Juukfu 

Continued. 

1-80,000 

1-80,000 

1  Additions. 

Do. 

Coast  chart  No.  11,  Monomoy  and  Nantucket  Shoals  to 

6.  C.Junken . 

Huskeget  Channel,  Mass. 

Coast  churt  No.  14,  Point  Judith  and  Block  Island  to 

1-80,000 

3.  C.Junken . . . 

j  Do. 

Flam  Island,  R.  I. 

Coast  chart  No.  15,  Plum  Island  to  Welch’s  Point,  Conn. 

1-80,000 

6.  A.  Lindenkohl.  6.  H.  Lindenkohl.  1, 

1 

Do. 

andN.T. 

Coast  chart  No.  16,  Welch’s  Point  to  New  York,  Conn. 

1-80,000 

2,  and  3.  C.  Junken. 

6.  A.  Lindenkohl.  6.  H.  Lindenkohl.  1 

1 

1  So. 

and  N.  T. 

Coast  chart  No.  20,  New  York  Bay  and  Harbor,  N.  Y . 

1-80,  000 

'  •  and  3.  C.Junken. 

1.  A.  Lindenkohl . ' 

1 

Do. 

Coast  chart  No.  22,  Bame  at  Bay  to  Absecon  ligbt,  N.  J  . 

1-80,  000 

1.  C.Junken  . . . . 

j  Continued. 

Coast  chart  No.  23,  Absecon  to  Cape  May,  N.  J . 

1-80, 000 

1  and  2.  C.  Junken  . i 

1  Do. 

Coast  chart  No.  38,  Currituck  Beach  light-house  to 

1-80,  000 

1.  A.  Lindenkohl . 

Do. 

Bodie’s  Island  light-house,  N.  C. 

Coast  chart  No.  40,  Albemarle  Sound,  Atlantic  Ocean,  to 

1-80,  000 

1.  A.  Lindenkohl  . 

Do. 

the  Pasquotank  River,  N.  C. 

Coast  chart  No.  42,  Pamplico  Sound,  Roanoke  Island  to 

1-80,  000 

1.  H.  Lindenkohl . 

Do. 

Hatteras  Inlet,  N.  C. 

Coast  chart  No.  43,  Pamplico  Sound,  Ocracoke  Inlet  to 

1-80,000 

1  1.  H.  Lindenkohl.  1.  A.  Lindenkohl . 

Additions.  - 

mouth  Pamplico  River,  N.  C. 

Cossi  chart  No.  44,  Pamplico  and  Neuse  Rivers,  N.  C . 

1-80,  000 

1.  A.  Lindenkohl . . . . 

Do. 

Coast  chart  No.  54,  Long  Island  to  Hunting  Island,  S.  C  . . 

1-80,000 

1.  A.  Lindenkohl.  1.  H.  Lindenhohl.  1. 

Do. 

Coast  chart  No.  58,  Cumberland  Sound,  Saint  John’s  Riv¬ 

1-80,000 

C.  Junken. 

2.  H.  Lindenkohl . 

Do. 

er,  Fla. 

Coast  chart  No.  59,  Atlantic  coast  of  Florida,  Saint  Au¬ 

1-80,000 

1  and  2.  A.  Lindenkohl.  1  and  2.  H.  Lin¬ 

Commenced. 

gustine  to  Halifax  River,  Fla. 

Coast  chart  Na  70,  Key  West,  Marquesas  Keys,  &c.. 

1-80,000 

denkohl. 

1.  C.Junken . 

Additions. 

Fla. 

Coast  chart  No.  77,  Tampa  Bay  and  coast  north  and 

1-80,000 

1  and  2.  A.  Lindenkohl  2.  H.  Lindenkohl. 

Completed. 

south,  Fla.  1 

Coast  chart  No.  81,  Apalachee  Bay,  Saint  Mark’s,  &c.,Fla. 

1-80,000 

2.  P. Erichsen.  1.  C.Junken . 

Do. 

Coast  chart  No.  82,  Saint  Mark’s  to  Saint  George’s  Island, 

1-80,000 

1.  C.Junken . 

Do. 

Fla. 

Coast  chart  No.  83,  Apalachicola  Bay  to  Cape  San  Bias, 

1-80,000 

2.  H.  Lindenkohl . 

Do. 

Fla. 

Coast  chart  No.  86,  Choctawhatchee  Inlet  to  Pensacola 

1-80,000 

1.  A.  Lindenkohl .  . 

Do. 

entrance,  Fla. 

lale  au  Hant  and  Eggemoggin  Reach,  Me . 

1-40,000 

1.  A.  Lindenkohl.  1.  H.  Lindenkohl.  1. 

Continued. 

Bel&st  Bay  •■nd  Pftnobscnt  River,  Me . . . 

1-40,000 

1^0,000 

1-40,000 

L.  Karcher. 

fi.  P.  Rrinhgen _ _ _ _ _ _ 

Additions. 

Sheepscot  end  Kennebec  Rivers,  Mo . . 

3.  C.  Junken . . 

Do- 

HysUo  River,  Fisher’s  Island  Sound,  N.  Y . 

L  L.  Karcher . 

Do, 
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Titles  of  charts. 


Delaware  River,  Fisher’s  Point  to  Cooper’s  Point . 

Delaware  River,  Cooper’s  Point  to  Kaighn’s  Point . 

Patuxent  River,  lower  sheet,  Md . 

Potomac  River  No.  2,  Piney  Point  to  Lower  Cedar  Point. 
Potomac  River  No.  3,  Lower  Cedar  Point  to  Indian  Hoad. 
James  River  No.  1,  Thimble  light  to  Deep  Water  light. .  .| 
James  River  No.  2,  Point  of  Shoals  light  to  Sloop  Point  .  | 

James  River  No.  3,  Sloop  Point  to  City  Point . i 

Do . 

Core  Sound,  N.  C  . 

Beaufort  Harbor,  N.  C . . 

Savannah  River,  Ga . 

Saint  John’s  River,  Fla . j 

Tortugas  Harbor,  Fla . 

Subsketch  for  Tortugas  Harbor  and  approaches . 

Tampa  Bay,  Fla . 

HIB6ISBIPPI  RIVER. 

(Photolithographs  in  thirteen  sheets.) 

Sheet  No.  1,  Fort  Jackson  to  Point  Pleasant,  including 
Quarantine  and  Buras  Settlement.  ' 

Sheet  No.  2,  Point  Pleasant  to  Little  Texas,  Grand  Prai-  j 
rie,  and  Guyot  Settlement. 

Sheet  No.  3,  Huling  tract  to  Point  Celeste,  including  | 
Polnte  4  la  Hache,  Barthelmy.  and  Union  Settlement,  i 
Sheet  No.  4,  Point  Celeste  to  Bean  Sejour,  including  I 
Poverty  Point.  j 

Sheiit  No.  5,  Bean  Sejour  to  Stella  Plantation,  including  ’ 
Jesuits’  Bend.  j 

Sheet  No.  6,  Stella  Plantation  to  Powder  House,  includ¬ 
ing  English  Turn. 

Sheet  No.  7,  Powder  House  to  New  Orleans . 

Sheet  No.  8,  New  Orleans  to  Soniat  Plantation,  incluo-  { 
ing  Carrollton,  Jefferson,  an<l  Keunerville.  i 

Sheet  No.  9,  Soniat  Plantation  to  Myrtle  Land  Plants-  ' 
tion.  Saint  Charles  Railroad  Station,  and  Hahnville.  j 
Sheet  No.  10,  Myrtle  Land  Plantation  to  Reserve  Planta-  | 
tion,  including  Bonnet  Carr6  Point,  and  Bonnet  Carr6. 
Sheet  No.  11,  Bonnet  Carr6  to  Grandview  Reach,  includ-  j 
ing  Bell  Point  and  Willow  Bend. 

Sheet  No.  12,  Chapman  Plantation  to  Brilliant  Point,  in-  I 
eluding  College  Point.  I 

SheetNo.  13,  Saint  James  estate  to  Point  Houmas,  includ¬ 
ing  Brilliant  Point  and  White  Hall.  I 

Monterey  Bay,  Cal . j 

Santa  Barbara,  Cal.  . [ 

Anchorage  southeast  end  San  Clemente  Island . 

San  Luis  Obispo  Bay,  Cal  . .  I 

City  of  San  Francisco . .j . j 

San  Francisco  entrance.  Cal  . ' 

Santa  Barbara  Channel  No.  2,  San  Pedro  Harbor  to  Point  > 
Concepcion.  | 

Point  Pinos  to  Bodega  Head .  . 

Columbia  River  entrance  ...  . . 

Columbia  River  No.  3,  Tenasillihee  Island  to  Grim’s  Isl¬ 
and,  Oreg. 

Columbia  River  No.  4,  Grim's  Island  to  Talama,  Oreg  . . . 


Scale.  Draughtsmen. 


1-10, 000  '  1  and  2.  L.  Karcher . 

1-10, 000  '  1  and  2.  L.  Karcher . 

1-60,000  2.  H.Lindenkohl .  . 

1-40,000  '  3.  C.  Junken  . . 

1-40,000  3.  C.  Junken  .  . 

1-40,000  j  1.  C.  Junken.  2.  A.  Lindenkohl . 

1-50, 000  1  and  2.  H.  Lindenkohl.  1.  C.  Junken - 

1-40,  000  1  and  2.  A  Lindenkohl.  1.  C.  Junken  . . . 
1-50, 000  1  and  2.  H.  Lindenkohl . 

1-iO,  000  I  1.  H.  Lindenkohl  . 

1-40, 000  I  1.  H.  Lindenkohl . 

1-40, 000  j  1  and  2.  C.  J  unken . 

1-80, 000  1.  L.  Earcher.  1  and  2.  E.  Hergesheimer 

1-40, 000  ^*1  and  2.  A  Lindenkohl.  1  and  2.  H.  Lin¬ 
denkohl. 

1-10, 000  j  1.  A.  Lindenkohl  . 

1-40,000  I  4.  L.  Karcher  . 


I 


1-20,000  ; 

1  and  2. 

H.  Lindenkohl. 

2. 

E.  J.  Sommer 

1 

1-20,000 

1  and  2. 

H.  Lindenkohl. 

2.  £.  J.  Sommer. 

! 

1-20,000  ; 

1 

1  and  2. 

H.  Lindenkohl. 

2. 

E.  J.  Sommer. 

1 

1-20,000 

1 

1  and  2. 

H.  Lindenkohl 

2. 

E.  J.  Sommer. 

I 

1-20,000  ; 

1 

1  and  2. 

H.  Lindenkohl. 

2. 

£.  J.  Sommer. 

1 

1-20,000 

1  and  2. 

H.  Lindenkohl 

2.  E.  J.  Sommer. 

1-20,000  1 

1  and  2. 

H.  Lindenkohl 

2. 

E.  J.  Sommer 

1-20,000 

1  and  2. 

H.  Lindenkohl. 

2. 

E.  J.  Sommer. 

1-20,000  : 

1  and  2. 

H.  Lindenkohl 

2. 

E.  J.  Sommer. 

1-20,  000 

1  and  2. 

H.  Lindenkohl 

2.  E.  J.  Sommer. 

1-20,000  ! 

1  and  2. 

H.  Lindenkohl. 

2. 

E.  J.  Sommer. 

1-20,  000 

1  and  2. 

H.  Lindenkohl 

2. 

£.  J.  Sommer 

I 


1-20,000  2.  H.  Lindenkohl.  2.  E.J.  Sommer . 

1-40, 000  2.  A.  Lindenkohl.  2.  L.  Karcher . 

1-10, 000  ) 

,  >  1  and  2.  H.  Lindenkohl  . 

1-20, 000  y 

1-20,  OOO  I  1  and  2.  H.  Lindenkohl  .  . 

1-40,  000  2.  E.  Hergesheimer . 

1-10,000  2.  C.  A.  Meuth  (adding  proposed  water 

front  by  United  States  commission). 

1-50,000  2.  A.  Lindenkohl . 

1-200,  000  2.  A  Lind.mkohl . 

1-200,  000  2.  H.  Lindenkohl . 

1^0,  000  L.  Karcher  (comparative  charts)  . 

1-40,000  2.  A.  Lindenkohl.  land 2.  fi.  Lindenkohl. 

1 

i 

1-40, 000  I  2.  A.  Lindenkohl.  2.  H.  Lindenkohl  . . . 


Remarks. 


Photolithograph ;  addi¬ 
tions. 

Do. 

Additions. 

Do. 

Do. 

Completed. 

Photolithograph ;  com¬ 
pleted. 

Completed. 

Photolithograph ;  com¬ 
pleted. 

Additions. 

Do. 

Do. 

Photolithograph ;  com¬ 
pleted. 

Completed. 

Do. 

Additions. 


Completed. 


Do. 


Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Do. 


Do. 

Do. 

Do. 

Do. 

Additions. 

t  Photolithograph ;  com- 
(  pleted. 

Do. 

Commenced. 

Completed. 

Additions. 

Continued. 

Do. 

Commenced. 

Completed. 

Commenced. 

Do. 
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Titles  of  chsrts. 

Scale. 

Draughtsmen. 

Remarks. 

Puget  Sound,  Wash.  Ter . . 

1-200, 000 

1  and  2.  A.  Lindenkohl . 

Additions. 

Commencement  Bay,  Paget  Sound . 

1-20, 000 

A.  Lindenkohl.  H.  Lindenkohl . 

Photolithograph ;  com- 

menced. 

Iforthwest  coast,  Cape  Flattery  to  Dixon  Entrance . 

1-1, 200, 000 

1  and  2.  A.  Lindenkohl . 

Additions. 

Northwest  coast,  Dixon  Entrance  to  Cape  Saint  Elias  ... 

1-1, 200, 000 

1  and  2.  A.  Lindenkohl . 

Do. 

Mi^  of  Alaska  and  a<Uoining  territory . 

2.  A.  Lindenkohl.  2.  H.  Lindenkohl . 

Photolithograph ;  com- 

pleted. 

Current  chart  Golf  of  Maine . 

1-1, 200, 000 

1.  H.  Lindenkohl.  1.  L.  Karcher . 

Completed. 

Topographic  sheet,  Bookaway  Inlet,  &c . 

1-5,000 

5.  C.  A.  Meuth  . 

Topographic  sheet,  coast  of  New  Hampshire . 

1-10,  000 

5.  C.  A.  Meuth . 

■ 

Topographic  sheet.  Port  Jefferson .  . 

1-10, 000 

5.  C.  A.  Meuth . 

Topographic  sheet.  Union  River  Bay,  Me . 

1-10,  000 

5.  C.  A.  Month . 

Topographic  sheet,  James  River . 

1-10,  000 

.5.  H.  Lindenkohl . 

Topographic  sheet.  Saint  John’s  River,  &o . 

1-20,  000 

5.  C.  A.  Meuth . 

Topographic  sheet,  east  coast  of  Florida . 

1-20,000 

5.  C.  A.  Meuth  . 

1 

Topographic  sheet.  Cubits  Crevasse,  Mississippi  River  . . 

1-10,000  , 

,  5.  C.  A.  Meuth . . . . 

1 

Topographic  sheet,  Monterey  Bay  to  Carmel  River . ' 

1  1-10,000 

5.  H.  Lindenkohl . 

i 

1 

Topographic  sheet,  Fort  Ross  to  Salt  Point,  Cal . 

1-10,000  I 

5.  H.  Lindenkohl  . . 

1 

Topographic  sheets,  Puget  Sound,  Wash.  Tor . ^ 

1-20,000 

5.  C.  A.  Meuth . . 

1 

Chart  Golf  of  Mexico . 

1-10,000,000 

1.  A.  Lindenkohl .  . 

Pbotolithograph ;  com¬ 

1 

pleted. 

Drawing  of  plans  of  instmments  of  precision  for  the  | 

i 

P.  Erichsen . 

Annual  Report. 

1 

Drawing  of  plan  of  Magnetic  Observatory,  Madison,  Wis 

. ] 

i  P.  Erichsen . 

Specimen  sheets  for  topographic  drawing . 

H-  Lindenkohl . . 

Qnincnnoial  projection . . 

H.  Lindenkohl . 

Photolithography  com¬ 

pleted. 

North  AUantio  Ocean,  track  chart . 

H.  LindenkohL  L.  Karcher . 

Do. 

Genera]  progress  sketch . 

1-5, 000, 000  1 

A.  Lindenkohl . 

Completed. 

Magnetic  map . 

1 

A.  Lindenkohl . 

Do. 
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APPENDIX  No.  5. 

ENGRAVING  DIVISION. 

Plates  completed^  continued^  or  commenced  during  the  fiscal  year  ending  with  June^  1878. 

1.  On  times.  2.  Topography.  3.  Siding.  4.  Lettering.  5.  Miscellaneous. 


Title  of  plate.  ^ 

Scale.  j 

1 

Engravers  and  work. 

COMPLETED.  ^ 

Sailing  chart  A  (2  plates) . <  , 

Coast  charts.  ^  1 

1 

1-80,000 
1-400,000 
1-1,200,000  . 

1  1,  2,  and  3.  W.  A.  Thompson.  4.  J.  G.  Thompson.  6.  J.  G.  Thomp- 
1  son  and  W.  A.  Thompson. 

No.  6,  Kennebec,  entrance  to  Saco  River . 

No.  7,  Soguin  Island  to  Kennebunkport . 

No.  37,  Cape  Henry  to  Currituck  Beach  . 

Harbor  eharU. 

Entrance  to  Tampa  Bay . 

Colombia  River,  No.  3  (preliminary  edition)  . 
16  Atlantic  Coast  Pilot  charts . 


18  Atlantic  Coast  Pilot  views  (6  plates) 

2  views  Suez  Canal  (1  plate) . 


CONTINUKD. 

General  coatt  charU. 

No.  1,  "West  part  Isle  au  Hant  to  Cape  Cod . . 

General  coast  charts,  west  coast. 

Point  Vincent  to  Point  Concepcion . 

Coast  charts. 

No.  4,  Penobscot  Bay . 

No.  21,  Sandy  Hook  to  Bamegat  Inlet  (nearly  completed)  . 

No.  22,  Bamegat  Inlet  to  Absecon  Inlet  (nearly  completed). 

No.  58,  Cumberland  Sound,  Saint  John's  River,  See  . 

No.  70,  Key  West,  Marquesas  Keys,  See . 

No.  83,  Apalachicola  Bay . . . 

Harbor  charts. 

Frenchman's  Bay  and  Somes’  Sound . 

Penobscot  River  and  Belfast  Bay . 

Lake  Champbiin,  No.  1  (nearly  completed) . 

Lake  Champl  iin.  No.  2  (nearly  completed) . 

Lake  Champlain,  No.  8 . 

James  River,  No.  1 . 

Entrance  to  San  Francisco  Bay  (in  contours) . 


l-«),  000  I  4.  E.  A.  Maedel  and  J.  G.  Thompson,  5.  W.  A.  Thompson  and  E.  A , 
MaedeL 

1-80, 000  4.  J.  G.  Thompson.  5.  J.  G.  Thompson  and  H.  M.  Knight. 

1-80, 000  i  3.  W.  A.  Thompson.  4.  E.  A.  Maedel  and  J.  G.  Thompson.  5.  W. 
A.  Thompson. 

1-40,000  4.  H.M.  Knight. 

1-40,  000  I  1,  3,  and  4.  H.  M.  Knight 

1-80, 000  2  and  3.  W.  A.  Thompson.  4  and  5.  A.  Petersen,  J.  G«  Thompson,  B« 

H.  Sipe,  and  W.  H.  Davis. 

. I  J.  J.  Young  (etching).  W.  H.  Davis  (lettering). 

. i  J.  J.  Young  (etching).  W.  H.  Davis  (lettering). 


1-400,000 


1-200,000 


4  and  5.  J.  G.  Thompson. 


1  and  2.  H.  LindenkohL  4.  A.  Petersen. 


COMMEKCRD. 

General  coast  charts. 
No.  VI,  Cape  Hatteras  to  Cape  Remain  . 

Coast  charts. 


No.  23,  Absecon  Inlet  to  Capo  May . . 

No.  38,  Cuirituck  Beach  to  Oregon  Inlet  . . 

No  59,  Saint  Augustine  Inlet  to  Halifax  River . 

No.  77,  Tampa  Bay . . . 

Harbor  charts. 

James  River,  No.  2 . 

37  Atbiutic  Coast  Pilot  views  (13  plates  are  etched,  but  not 
lettered). 


1-80,  000  I  4.  E.  A.  Maedel. 

1-80, 000  I  1  and  2.  W.  A.  Thompson.  2  and  3.  H.  C.  Evans.  4.  E.  A.  Maedel 
I  and  F.  Courtenay. 

1-80, 000  2  and  3.  H.  C.  Evans.  4.  F.  Courtenay'. 

1-^,  000  I  1  and  2.  A.  Sengteller.  4.  F.  Courtenay. 

1-80, 000  1,  2,  3.  and  4.  H.  M.  Knight.  4.  F.  Courtenay. 

!-«),  000  i  2.  A.  Sengteller.  ^ 

1-40, 000  i  2.  R.  F.  Bartle. 

1-40,000  I  1.  W.  A.  Thompson. 

1-40, 000  3.  W.  A.  Thompson.  4.  A.  Petersen 
1-40, 000  4.  E.  A.  Maedel. 

1-40, 000  I  4.  F.  Courtenay. 

1-40, 000  !  1  and  2.  J.  Enthofifer. 

1-40,000  j  1.  J.J.  Young. 


1-400, 000  1  and  2.  E.  F.  Bartle.  4.  J.  G.  Thompson. 

1-80, 000  1.  R.  F.  Bartle. 

1-80,  000  ,  1.  J.  J.  Young.  4.  A.  Petersen. 

1-80, 000  1  and  2.  A.  Sengteller.  4.  E.  A.  Maedel. 

1-80, 000  I  1.  R.  F.  Bartle.  4.  J.  G.  Thompson. 


1-40,000 


1  and  2.  J.  Enthoffer. 
J.J.  Young  (etching). 
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APPENDIX  No.  6. 

OBSERVATIONS  OF  THE  TRANSIT  OF  MERCURY,  MAY  6,  1878,  MADE  AT  SUMMIT  STATION,  CENTRAL 
PACIFIC  RAILROAD.— REPORT  BY  B.  A.  COLONNA,  ASSISTANT. 

Coast  and  Geodetic  Survey,  Sub  Office, 

8an  Francisco,  CaL,  June  23,  1878. 

Sib  :  I  have  the  honor  to  submit  to  you  my  report  of  the  observations  of  the  transit  of  Mer¬ 
cury,  May  6,  1878,  made  at  Summit  Station,  Central  Pacific  Railroad. 

Owing  to  a  delay  in  receiving  your  telegraphic  instructions  of  April  13,  we  had  only  about  ten 
days  to  collect  instruments,  attend  to  the  many  minor  details  of  such  an  expedition,  get  to  Summit^ 
clear  away  the  snow  for  a* place  for  the  observatories,  erect  them,  put  up  piers,  run  a  telegraphic 
wire  from  the  telegraph  office  at  Summit  to  the  station  to  be  occupied,  and  so  on. 

Mr.  Pratt,  with  his  usual  ingenuity,  devised  a  transit  machine  run  by  clock  work,  representing 
the  sun  and  Mercury  with  their  apparent  motions,  giving  us  a  very  good  artificial  transit  for  prac¬ 
tice.  He  did  the  mechanical  work  himself,  and  had  it  ready  in  time  for  us  to  have  two  days^ 
practice  with  it  before  we  left  the  city.  We  again  practiced  with  it  at  Summit. 

With  Mr.  Pratt’s  aid,  and  with  that  of  Carl  Rahsskopft,  instrument  maker,  we  found  ourselves 
sufficiently  advanced  in  preparation  to  leave  San  Francisco  on  the  30th  of  April.  Through  the 
kindness  of  Assistant  Davidson’s  friend.  Col.  George  Gray,  chief  engineer  of  the  Southern  Pacific 
Railroad,  I  procured  an  order  from  Mr.  John  Corning,  the  assistant  general  superintendent  of  the 
Central  Pacific  Railroad,  for  the  transportation  of  our  instruments  by  pavssenger  train.  We  arrived 
at  Summit  at  about  11  o’clock  p.  m.  on  the  night  of  the  30th  of  April,  and  in  the  dark  unloaded 
our  instruments  ourselves.  Our  reception  was  certainly  a  very  cool  one,  made  all  the  more  so  by 
contrast,  for  we  had  only  a  few  hours  ago  passed  through  the  Sacramento  Valley,  where  the  flowers 
were  in  bloom  and  the  freshness  of  spring  was  to  be  seen  on  all  sides ;  now,  the  snow  sheds  cut 
off  even  the  starlight  and  left  us  in  utter  darkness. 

1  desired  very  much,  in  accordance  with  your  instructions  and  Assistant  Davidson’s  counsel, 
to  get  the  instruments  mounted  on  a  hill  about  800  feet  higher  than  the  railroad  track  at  Summit, 
but  it  was  impracticable,  for  the  snow,  about  five  feet  deep  on  a  level  and  in  many  plai*cs  drifted 
to  greater  depths,  presented  difficulties  that  could  not,  with  the  means  at  hand,  be  overcome  without 
much  time.  So  1  was  reluctantly  compelled  to  mount  them  as  shown  in  the  accompanying 
sketches  of  the  station  and  vicinity. 

On  the  Ist  day  of  May  the  transit  pier  was  set  and  the  transit  mounted.  That  night  I  put  it 
in  the  meridian  and  observed  for  time. 

On  the  2d,  Mr.  Pratt  ran  the  telegraph  wires  from  the  Western  Union  Telegraph  office  to  the 
observatory  and  put  up  the  chronograph,  and  we  were  ready  to  get  the  Washington  Naval  Ob¬ 
servatory  time  signals  on  the  3d  of  May — these  preparations  and  the  subsequent  exchanges  of  time 
signals  being  greatly  facilitated  by  the  courtesy  of  Mr.  James  Gamble,  general  superintendent  of 
the  Pacific  Division  of  the  Western  Union  Telegraph. 

The  evening  of  the  4th  found  us  with  our  instruments  all  mounted.  Besides  the  observation 
of  the  contacts,  preparations  had  been  made  to  observe  for  time  and  the  sun’s  limbs  and  Mercury, 
with  an  instrumental  outfit  consisting  of— 

Ist.  For  time  observations,  meridian  telescope  O.  S.  No.  1,  made  by  Wiirdc^maun. 

2d.  Three  chronometers,  viz:  Sidereal  break  circuit  No.  3479  j  mean  time  chronometer  No.  231 ; 
mean-time  chronometer  No.  1702. 

3d.  A  chronograph. 

4th.  The  ‘‘Hassler  telescope,”  made  by  Utzschneider  and  Fraunhofer  and  equatorially  mounted. 
This  telescope  is  3.75  feet  focal  length,  three  inches  clear  aperture,  and  Mr.  Pratt  used  it  for  observ¬ 
ing  the  contacts  with  an  eye-piece  whose  magnifying  power  was  200  diameters. 

S,  Ex.  13 - 11 
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6th.  A  5|-inch  telescope,  the  private  property  of  Assistant  Eimbeck,  on  the  new  equatorial 
mounting  belonging  to  the  Coast  Survey,  and  here  used  for  the  first  time.  It  rested  on  a  wooden 
stand  which  rested  on  a  rock  foundation,  and  was  filled  with  stone  to  steady  it.  This  telescope 
has  a  clear  aperture,  as  stated  above,  and  a  focal  length  of  7  feet.  1  used  it  for  observing  the 
contacts,  with  an  eye-piece  the  magnifying  power  of  which  was  120  diameters.  - 

6th.  A  barometer,  kindly  loaned  by  Assistant  Aug.  F.  Eodgers,  there  being  none  in  this  office 
that  would  read  low  enough  for  the  altitude  of  Summit. 

All  of  these  instruments  were  mounted  in  tents  or  surrounded  by  tent-walls,  and  generally 
well  protected  from  the  wind ;  about  5  feet  of  packed  snow  had  to  be  shoveled  to  get  space  enough 
for  the  tents. 

On  the  5th  we  received  time  signals  from  Washington,  attended  to  various  minor  details,  and 
spent  much  time  in  practice  on  the  automatic  transit  machine.  We  did  not  compare  notes,  con¬ 
verse,  or  in  any  manner  endeavor  to  get  markings  that  would  coincide,  for  I  thought  that  two  in¬ 
dependent  judgments  of  the  times  of  contact  would  be  more  desirable.  Nor  did  we,  after  the 
observations,  converse  upon  the  subject  until  each  had  prepared  his  own  notes  and  placed  them 
upon  record. 

The  weather  was  bright  and  pleasant,  so  bright,  in  fact,  that  we  were  obliged  to  wear  colored 
glasses  to  prevent  becoming  snow-blind.  The  snow  had  melted  down  to  about  3  feet  around  the 
instruments.  On  the  5th  it  became  partially  overcast  with  cirrus  and  cirro-stratus  clouds.  The 
wind  blowing  fresh  from  the  southwest,  the  barometer  had  fallen  0.15  inch.  It  cleared  off,  how¬ 
ever,  in  the  afternoon,  so  that  the  usual  time  observations  were  made.  ^ 

The  sun  rose  on  the  morning  of  the  6th  in  a  cloudless  sky.  We  were  at  the  instruments  at 
5.30  a.  m.  The  night  had  been  quite  cold,  and  the  thermometer  now  stood  at  27^.  There  was 
much  ice.  The  chronograph  was  cold  and  the  ink  was  frozen  hard.  We  began  by  thawing  out 
things  generally,  and  placing  the  telescopes  so  that  they  would  gradually  warm,  in  order  not  to 
shiver  the  colored  glasses  when  we  began  pointing. 

The  chronograph  was  so  arranged  that  we  both  marked  upon  it,  Mr.  Pratt  with  one  pen  and 
I  with  the  other. 

Sidereal  break-circuit  chronometer  No.  3479  was  in  my  circuit,  and  placed  near  me,  where  I 
also  had  Mr.  Crittenden  to  mark  the  time  by  eye  and  ear  whenever  I  recorded  on  the  chronograph ; 
the  click  of  my  key  was  the  signal  for  him  to  mark  the  time. 

Mr.  Berndt  held  a  lamp  beneath  the  ink-wells  to  prevent  the  ink  from  freezing  and  make  it 
fiow  freely.  From  time  to  time  during  the  last  half  hour  before  ingress  we  watched  a  little  outside 
the  sun’s  limb  to  ascertain  if  we  could  see  anything  of  the  planet.  A  minute  or  so  before  contact 
we  finally  assumed  our  positions  at  the  instruments,  and  the  observations  at  ingress  were  made  as 
recorded. 

At  noon  I  observed  the  sun’s  first  and  second  limbs  and  the  planet,  as  they  crossed  the  three 
wires  nearest  the  center  of  the  transit,  Mr.  Pratt  recording  and  attending  to  the  chronograph. 

The  day  remained  cloudless  to  its  close,  and  the  afternoon  observations  were  made  in  the  same 
manner  and  under  the  same  favorable  conditions  as  those  of  the  morning. 

The  phenomena  of  Mercury’s  appearance  and  disappearance  reminded  me  of  what  I  have  seen 
in  North  Carolina  and  elsewhere,  when,  in  a  boat,  on  a  bright  day,  looking  over  the  water  and 
across  the  marsh,  say  at  a  tree  distant  miles,  and  where  from  one-fourth  to  one-half  mile  of  the 
distance  is  over  reedy  marsh,  then  you  have  the  same  unsteady  boiling  and  jumping  as  on  the 
sun’s  limb.  As  you  approach,  the  tree  comes  into  view,  the  top  first,  a  kind  of  black  phantom,  so 
to  speak,  that  fiits  before  your  eyes  and  repeats  itself.  Now,  if  you  rise  in  the  boat  gradually,  as¬ 
suming  an  erect  posture,  the  tree  takes  form  and  becomes  permanently  visible  just  as  Mercury  did 
at  ingress.  Receding  from  the  object,  and  being  erect,  you  have  the  appearance  of  egress  when 
you  take  your  seat.  The  waves  of  heated  air  on  the  marsh  that  roll,  as  it  were,  over  the  tree  top, 
are  rather  longer  than  the  waves  that  are  apparently  on  the  sun’s  limb. 

Mercury  was  rather  egg  shaped,  or  elongated,  when  projected  against  the  sun  near  its  limb 
just  after  ingress  and  just  before  egress,  the  smaller  end  being  next  the  nearest  point  in  the 
sun’s  circumference.  At  night  I  continued  m3"  observations  for  time.  The  sidereal  chronometer 
(3479)  loses  rapidly  with  the  thermometer  at  27^,  while  at  about  52°,  or  a  little  over,  it  has  scarcely 
any  rate. 
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I  have  never  had  the  pleasure  of  spending  a  day  under  a  clearer  or  brighter  sky.  By  9^  30“ 
a.  m.  the  wind,  which  was  not  yery  strong  even  at  sunrise,  bad  fallen  almost  to  a  calm,  all  things 
combining  to  make  it  a  most  suitable  day  for  the  observations. 

Upon  the  conclusion  of  the  work  I  notified  you,  and  you  authorized  a  latitude  and  longitude 
station  to  be  made.  Time  signals  were  received  from  Washington  up  to  the  10th. 

On  the  night  of  the  9th,  Mr.  Pratt  started  for  San  Francisco  to  make  the  necessary  arrange¬ 
ments  for  exchanging  time  for  telegraphic  longitude,  and  to  make  the  time  observations  at  the 
Coast  Survey  Observatory  at  Washington  Square. 

Six  good  nights  of  time,  and  exchange  of  like  dates,  having  been  obtained  with  San  Francisco 
by  the  2d  of  June,  I  considered  it  ample  for  the  work  in  hand. 

When  Mr.  Pratt  left  Summit  our  mutual  understanding  was  that  the  observations  should  be 
made  by  eye  and  ear.  When  he  came  to  attempt  it,  he  found  that,  the  clock  being  in  a  case,  the 
tick  could  not  be  heard  without  the  use  of  an  armature,  which  is  very  objectionable. 

As  there  was  no  break-circuit  chronometer  for  him,  and  his  time  exchange  had  to  be  made 
through  the  clock,  he  very  properly  decided  that  it  would  be  better  to  abandon  the  eye  and  ear 
method  and  use  the  chronograph ;  but  I  was  not  aware  of  the  change  of  method  until  I  returned  to 
San  Francisco.  It  was  deemed  desirable,  therefore,  to  determine  our  absolute  personal  equations, 
which  was  done  by  means  of  the  Coast  Survey  personal-equation  apparatus. 

At  the  observatory  in  San  Francisco  Mr.  Pratt  made  some  changes  in  the  switches,  &c.,  and 
altered  the  chronograph  from  a  cylindrical  to  a  fillet.  He  also  introduced  a  third  pen  for  his  abso¬ 
lute  equation,  thus  making  one  chronograph  do  the  work  of  two. 

As  for  my  own  absolute  equation,  the  apparatus  recorded  the  absolute  time  of  transit  over  the 
middle  thread,  and  I  marked  the  same  by  eye  and  ear,  Mr.  Pratt  attending  to  the  chronograph, 
and  Mr.  T.  A.  Harrison,  late  of  the  Survey,  very  kindly  recording  for  me  without  remuneration. 

Mr.  E.  F.  Dickins,  Subassistant  Coast  Survey,  on  leave,  volunteered  his  services.  He  was, 
as  usual,  precise  and  methodical ;  his  services  were  timely  and  very  acceptable. 

The  longitude  work  having  been  completed,  I  converted  the  meridian  telescope  from  a  transit 
into  a  zenith  telescope  and  began  observing  for  latitude. 

On  the  night  of  the  11th  of  June  I  considered  that  I  had  sufficient  observations  for  the  purpose, 
and  on  the  13th  the  instrument  was  packed,  the  observatory  was  taken  down,  and  everything  re¬ 
moved  to  the  station  in  time  for  the  morning  train. 

I  desire  to  mention  the  services  of  Mr.  Robert  Hughes,  who,  in  addition  to  his  duties  as  tele¬ 
graph  operator,  recorded  both  the  longitude  and  latitude  work. 

I  dwell  with  great  pleasure  on  the  trust  which  you  have  been  pleased  to  repose  in  me.  At  all 
times  your  generous  support  of  my  endeavors  is  a  sufficient  guarantee  for  my  best  and  entire 
services. 


Very  respectfully,  yours, 

B.  A.  COLONNA, 

Assistant  Coast  Survey. 

Cablile  P.  Patterson, 

Superintendent  United  States  Coast  and  Geodetic  Survey, 

Washington,  D.  C. 


[Extract  from  record  book.] 

TRANSIT  OF  MERCURY. 

First  external  and  internal  contacts. 

Observation  of  first  external  and  first  internal  contacts  of  Mercury  with  the  sun’s  limb.  May  5 
(astronomical  reckoning),  1878.  The  time  of  sidereal  chronometer  3479,  Frodsham,  break-circuit 
was  marked  by  Mr.^  Thomas  T.  Crittenden  by  eye  and  ear  when  the  key  clicked,  and  by  the 
chronograph  also. 
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By  an  oversight,  the  chronograph  was  stopped  and  the  fillet  broken  before  the  boors  and 
minutes  were  written,  and  it  had  to  be  done  from  Crittenden’s  marking. 


h. 

m. 

8. 

(rt) 

22 

10 

40 

(6) 

22 

11 

23 

(C) 

22 

13 

09 

{d) 

22 

13 

29.5 

Crittenden’s  mark¬ 
ings  by  eye  and  ear 
at  sound  of  key. 


At  21*^  30“  the  ba¬ 
rometer  read  22.97. 

Ther : 

D.  B.  27^0. 

W.  B.  25^0. 


B.  A.  CoLONNA,  Observer, 

{a)  First  appearance,  waves  of  fire  rolling  over  it. 

(b)  So  well  defined  that  it  cannot  be  mistaken. 

(c)  First  light  ripples  cross.  ) 

(d)  Well-defined  line  of  light.  • 


The  above  readings,  taken  from  the  fillet,  are  as  follows : 

h.  m.  8. 

(a)  22  10  40.07  \ 

(h)  22  11  23.28  f  Fillet  readings 

(c)  22  13  08.89  f  by  Mr.  J.  F.  Pratt. 

(d)  22  13  29.52  ) 

Was  prepared  to  receive  Washington  signal  of  mean  noon,  but  it  did  not  come  for  May  5-6. 


Noorij  May  5-6,  1878.— The  transit  instrument  being  in  the  meridian,  the  following  observa¬ 
tions  were  made  on  the  limbs  of  the  sun  and  on  Mercury.  The  telescope,  2|  inches  clear  ap¬ 
erture,  had  no  eye-piece  of  sufficient  magnifying  power  to  enable  me  to  take  the  limbs  of  Mer¬ 
cury,  and  it  was  observed  as  though  it  were  a  star.  The  three  threads  in  the  center  of  the  field 
were  used. 

West  end.  East  end. 

34.3  )  Taken  just  before 

35.8  )  observing  the  following. 


Levels, 


■{ 


35.0 

33.0 


a 


h.  m.  B. 

2  54  22.81 
2  54  34.49 
2  54  4.69* 


Mercury, 


h,  m.  8. 

q  2  55  07.36 
2  55  18.51 
2  55  29.11 


D 


h.  m.  8. 

2  56  37.6 
2  56  48.87 
2  56  59.93 


Clamp  west — Barometer,  23.0  inches. 


Thermometer. 


D.  B. 


W.  B. 


46.0 

37.5 


West  end. 


Levels. 


35.8 

25.0 


East  end. 

30.5  1  Taken  just  after  com- 

41.0  I  pleting  above  observations. 


The  above  times  were  marked  on  chronograph,  and  not  by  eye  and  ear. 
to  the  chronograph.  1  herewith  send  fillet. 


Mr.  Pratt  attended 
COLONNA. 


*  Probably  45.69. 
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TBANSIT  OP  MERCURY. 

Second  internal  and  external  contacts, 

B.  A.  CoLONT^A,  Observer.  T,  T.  Crittenden,  Recorder. 

On  hand,  and  watching  Mercury,  off  and  on,  for  30  minutes  before  the  second  internal  and  ex¬ 
ternal  contacts.  The  edge  of  the  sun  was  boiling  much  worse  tLan  it  was  this  morning,  and  the 
planet  itself  at  times  appeared  distorted.  As  it  approached  the  edge  of  the  sun  it  appeared  to 
move  much  slower. 

This  marking  is  by  Mr.  Crittenden.  The  times  are  also  recorded  by  chronograph. 


h.  m.  s. 

5  40  45^  a' 

5  41  03  V 

6  41  25  & 

5  43  SOi  d' 
5  43  47  e' 


o 


D.  Bulb,  46^. 
W.  Bulb,  40. 


Bar. :  23.0  ihches. 


(a')  First  appearance  of  rippling  black  and  white  balls  following  one  another  between  Mercury 
and  sun’s  limb. 

{V)  Contact  actually  made. 

(&)  Contact  very  evident. 

(d')  Waves  of  light  flow  over  Mercury’s  limb  at  fourth  contact. 

(s')  Mercury  has  disappeared  beneath  waves  of  fire,  as  it  were.  Then  looked,  but  see  nothing 
more  of  the  planet.  Had  hoped  to  see  it  after  it  had  left  the  sun. 


SUMMIT  STATION,  CENTRAL  PACIFIC  RAILROAD. 

Summit  astronomical  reckoning^  May  6,  1878. 

J.  F.  Pratt,  Observer.  B.  A.  C.,  Recorder. 

Receipt  of  Washington  mean-time  signal.  May  6. — Using  sidereal  chronometer  No.  3479,  by 
Frodsham^  and  fillet  chronograph  by  Hipp,  over  Western  Union  overland  wire  No.  6.  (See  fillet.) 

Washington  Naval  Observatory. 

h.  m.  B. 

. .  6  00  00.0 

.  . . .  6  06  39.9 

Comparison  of  chronometers. 

h.  m.  8. 

j  6  25  21.5 
i  3  28  17.0 
^  /  6  27  45.0 

.  (  3  30  40.0 

. . .  1 

^  j  6  35  21.0 

.  \  3  37  58.0 

Remarks  on  the  transit  of  Mercury. 

May  5-6,  1878. 

Ingress. — First  contact,  external.  The  sky  was  beautifully  clear  and  the  thermometer  stood  at 
27^0.  I  was  using  Assistant  Eimbeck’s  telescope  made  by  Steinheil,  No.  5248,  of  5|  inches  clear 
aperture  and  seven  feet  focal  length,  and  a  magnifying  power  of  120  diameters.  The  colored 
glasses  used  gave  a  yellowish-white  light.  The  equatorial  mounting  rested  on  a  wooden  tripod, 


(  6  32  17.5 
(  3  34  55.0 


Sid.  chr.  3479. . 
M.  T.  chr.  231  . 
Sid.  chr.  3479., 
M.  T.  chr.  1705 


Mean-time  signal 
Chronometer  3479 
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which  was  filled  with  earth  and  stones  to  keep  it  steady.  The  whole  was  protected  from  the  wind 
and  weather  by  Professor  Davidson’s  large  observing  tent. 

For  half  an  hour  before  first  contact  1  occasionally  scanned  the  sun’s  limb  in  the  vicinity  of 
the  point  of  contact  to  see  if  any  signs  of  the  planet  could  be  seen.  Having  rested  iiiy  eyes  for  a 
few  minutes  preparatory  to  the  final  observation,  I  had  not  been  looking  a  minute  before  I  saw 
Mercury’s  limb  and  recorded  the  time  marked  (a). 

It  appeared  in  the  eye  piece  of  my  telescope  as  in  this  sketch,  except  that  the  shaded  part  was 
invisible.  Fiery  waves  appeared  at  this  instant  to  roll  along  behind  and  across  it,  and  the  next 
instant  to  disappear.  This  immediately  ceased,  and  it  was  at  this  instant  that  I  marked  (a),  which 
I  consider  very  near  the  true  time  of  first  contact.  Between  the  fiery  waves  were  black  balls  of 
irregular  shai)e  and  continually  changing. 

At  the  time  (ft),  which  was  marked  when  the  planet  was  so  far  on  that  the  most  casual  ob¬ 
server  could  not  fail  to  see  it,  it  presented  the  appearance  as  in  sketch  marked  (6).  I  do  not  attach 
any  particular  value  to  this  marking. 

I  had  intended  marking  the  time  when  the  planet  was  apparently  bisected  by  the  son’s  limb, 
but  it  was  boiling  so  that  I  found  that  no  such  estimate  could  be  well  made. 

Ingress^  second  conta<^tj  internal. 

Marked  the  time  (c).  At  this  contact  the  planet  had  partially  assumed  its  round  appearance, 
the  cusps  did  not  meet  sharp  and  clear,  but  were  preceded  by  fiery  waves.  At  the  instant  that 
these  seemed  about  to  begin,  I  marked  (c),  as  seen  in  sketch.  I  was  about  on  time,  for  the  next 
instant  the  first  fiery  waves  ran  across  and  contact  was  probably  over. 

When  these  waves  ceased,  and  there  was  a  well-defined  bright  line  of  light  between  the  limbs 
of  the  sun  and  of  Mercury,  which  could  not  be  mistaken,  I  marked  (d).  To  this  marking  I  attach 
no  particular  value. 

Egress^  third  contact^  internal. 

The  telescope  was  in  all  respects  the  same  as  at  ingress,  except  that  a  very  slight  amount  of 
moisture  had  formed  between  the  two  glasses.  I  was  afraid  to  risk  taking  them  apart  to  wipe 
them,  although  I  took  out  the  object  glass  and  wiped  the  inner  surface  where  very  heavy  drops  of 
dew  had  formed.  The  moisture  between  the  glasses  could  only  be  seen  in  certain  lights,  and  I 
could  not  see  that  it  materially  aftected  vision.  The  sky  continued  beautifully  bright,  and  not  a 
cloud  had  been  seen  during  the  day.  For  30  minutes  before  third  contact,  I  watched  occasionally 
to  see  if  there  was  anything  worthy  of  note.  The  sun’s  circumference  seemed  to  boil  worse  than 
at  ingress,  and  as  Mercury  approached  the  sun’s  limb  it  seemed  to  be  slightly  deformed  (this 
sketch  exaggerates  it  about  three  times),  and  to  move  much  slower.  The  latter  of  course  was  not 
the  case,  but  I  record  it  as  it  appeared  to  me  at  the  time. 

At  the  time  marked  (a')  the  planet  appeared  as  in  the  sketch,  with  rippling  fiery  and  black 
balls  chasing  each  other  between  it  and  the  sun’s  limb. 

The  time  {h*)  was  marked  when  I  considered  third  contact  actually  made,  or  at  the  instant 
when  the  waves  of  fire  or  balls  ceased  to  roll  between  the  two  limbs. 

The  time  {&)  was  marked  after  third  contact  was  so  plainly  visible  as  to  be  noted  by  a  casual 
observer.  I  do  not  attach  any  particular  value  to  it. 

EgresSj  fourth  contact^  external. 

Waves  of  light  began  to  roll  between  Mercury  and  the  sun,  and  to  indicate  the  immediate 
approach  of  fourth  contact  when  I  marked  (d'),  as  in  the  sketch.  The  limb  of  Mercury  next  the 
sun  was  now  slightly  distorted. 

At  (e^)  the  planet  actually  disappeared  in  the  dark  space  beyond  the  sun’s  circumference,  and 
1  marked  it  as  the  time  of  w  hat  I  considered  the  actual  fourth  contact. 

I  then  continued  to  search  for  several  minutes,  hoping  to  see  the  planet  beyond  the  sun’s  cir¬ 
cumference,  but  it  had  totally  disappeared,  and  the  transit  was  over. 

B.  A.  COLONNA. 
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SUMMIT  STATION,  CENTEAX,  PACIFIO  BAILBOAD. 

J.  F.  Pratt,  Observer  and  Recorder, 

May  5  (astronomical),  1878. 

The  telescope  used  is  an  equatorially  mounted  Coast  Survey  reconnoitering  glass  made  by 
Utzschneider  and  Fraunhofer.  It  has  a  focal  length  of  3.75  feet,  a  clear  ai>erture  of  3  inches,  and 
was  used  during  the  whole  of  the  transit,  with  a  magnifying  power  of  200  diameters,  and  the  in¬ 
strument  was  protected  by  a  canvass  wall. 

Time-piece,  sidereal  break-circuit  chronometer  No.  3479,  by  Charles  Frodsham,  breaking  every 
two  seconds  on  fillet  chronograph,  by  Hipp,  observer,  recording  on  fillet  with  break-circuit  key. 

Ingress. 

Observer  closely  watched  the  sun  for  ten  minutes  previous  to  the  time  of  first  contact. 
Its  edge  seemed  to  be  boiling  or  undulating. 

(1.)  (See  fillet.)  First  external  contact,  22^  10®  46®.15.  The  edge  of  the  sun  was  quite  irregular, 
and  Mercury  had  notched  the  sun  about  as  much  as  is  indicated  in  the  engraving  of  the  United 
States  Naval  Observatory  Instructions  (external  contact.  Fig.  2). 

(2.)  (See  fillet.)*  22**  13®  01®.40.  The  planet  had  advanced  so  that  it  looked  the  same  as  is 
represented  in  I  (Naval  Observatory  Instructions).  Planet  seemed  to  be  very  slightly  distorted 
(egg-shaped),  with  small  end  towards  limb  of  sun. 

(3.)  (See  fillet.)  First  internal  contact,  22**  13®  14®.95.  Could  very  faintly  distinguish  a  grayish 
thread  of  light  between  Mercury  and  sun’s  limb. 


Egress. 

May  6  (astronomical),  1878. 

Watched  the  sun  closely  for  ten  minutes  previous  to  time  of  second  internal  contact.  Limb  of 
sun  appeared  to  be  a  little  steadier  than  at  time  of  ingress,  though  boiling. 

(!'.)  (See  fillet.)  Second  internal  contact,  5**  40®.  48®.9.  Planet  seemed  very  slightly  elongated 
(egg-shaped),  with  small  end  towards  limb  of  sun. 

(2'.)  (See  fillet.)  5**  40®  52«.24.  Planet  seemed  perfectly  round. 

(3'.)  (See  fillet.)  5**  40®  58“.23.  Side  of  planet  distinctly  flattened. 

(4'.)  (See  fillet.)  *  5**  42®  39".87.  Center  of  planet  appeared  to  be  on  limb  of  sun. 

(5^.)  (See  fillet)  5**  44®  01*.38.  Second  external  contact.  During  the  whole  day  the  atmos¬ 

phere  was  clear,  and  not  a  single  cloud  to  be  seen  in  the  sky. 
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APPENDIX  No.  7. 

OBSERVATIONS  MADE  AT  WASHINGTON,  D,  C.,  OF  THE  TRANSIT  OF  MERCURY,  MAY  6,  1878.— REPORT 

OF  CHARLES  A.  SCHOTT,  ASSISTANT. 

Coast  and  Geodetic  Survey  Office, 

Washington^  D.  0.,  May  7,  1878. 

Dear  Sir  :  With  your  approbation,  the  undersigned,  associated  with  Assistant  R.  D.  Cutts, 
made  the  necessary  arrangements  for  observing  the  transit  of  Mercury  of  May  6,  1878,  the  results 
of  which,  together  with  those  by  Assistant  W.  Eimbeck,  are  herewith  respectfully  submitted. 

In  thus  multiplying  observations  in  this  city,  I  had  in  view  the  desirability  of  obtaining  data 
for  assigning  the  probable  error  to  the  observed  times  of  the  several  phases,  and  consequently  also 
of  increasing  the  value  of  the  local  results. 

Assistant  Cults  and  myself  observed  at  Fauth  &  Co.’s  observatory  and  yard,  southwest  of  the 
Capitol,  8".7  south  of  the  dome,  or  in  latitude  38^  53'  11".7,  and  9".4  west  of  it,  or  in  longitude 
770  00'  45".l.  The  United  States  Naval  Observatory  being  in  longitude  5*^  08"’  12M,  our  place  of 
observation  was  9®.l  east  of  the  Naval  Observatory.  Assistant  Eimbeck  observed  in  the  rear  of 
the  Coast  Survey  buildings,  in  latitude  38^  53'  11"  and  in  longitude  77®  Ob'  34".7,  hence  9®.8  east 
of  the  Naval  Observatory. 

Local  time  was  obtained  by  means  of  the  noon-ball  at  the  Observatory,  viz : 


May  2,  ball  down,  by  chronometer  *‘Deiit  2256” 

3  . 

4  . . 

6 . 

7 . 


h.  m.  8. 

11  69  07.3 


.  .  06.0 

(a  failure  in  dropping  the  ball  19.5) 

.  02.5 

. .  00.0 


Average  daily  rate  of  mean  time  chronometer  Dent  2256,  losing  1*.5.  Comparisons  (by  coinci¬ 
dence  of  beats)  were  made  with  sidereal  chronometer  “  Kessels  1287,”  used  by  Assistant  Cutts, 
which  are  given  in  the  proper  place,  together  with  comparisons  of  the  sidereal  chronometer  used 
by  Assistant  Eimbeck. 

I  observed  the  ingress  with  an  equatorial  made  by  Fauth  &  Co.,  of  this  city,  of  8  feet  focal 
length,  aperture  64  inches,  object-glass  thinly  silvered,  and  opening  reduced  to  3  inches  diameter, 
magnifying  power  about  112 ;  used  a  light-colored  (neutral  tint)  shade  glass.  Time  was  counted 
and  noted  by  Mr.  M.  H.  Doolittle. 

First  external  contact  at  10^  05"’  06®  (by  Dent  2256).  When  first  seen  limb  of  planet  was  con¬ 
siderably  advanced,  nearly  double  the  amount  of  indentation  as  shown  on  Professor  Newcomb’s 
diagram,  but  the  projected  part  apparently  belonging  to  a  smaller  radius  than  the  true  one.  Tried 
to  catch  the  same  size  of  phase  at  time  of  egress,  but  did  not  succeed  on  account  of  undulations; 
possibly  the  recorded  minute  should  be  one  less.  As  it  is  1  place  no  reliance  on  this  outer  contact. 

First  internal  contact  at  10^  06"*  40®,  light  darted  across  between  sun  and  Mercury,  but  the 
limbs  appeared  loosely  connected  by  a  patch  of  haziness  oscillating  between  them ;  ftiU  sunlight 
on  and  contact  certainly  over  at  10^  06"  53®.  The  observation  of  internal  contact  is  considered  re¬ 
liable. 

Chronometer  slow  of  Naval  Observatory  mean  time  57®,  hence — 


h.  m.  8. 

First  contact  at  10  . .  03,  mean  time  United  States  Naval  Observatory  (doubtful). 
Inner  contact  at  10  07  37,  mean  time  United  States  Naval  Observatory  (satisfactory). 
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Egress  was  observed  in  the  yard,  outside  the  observatory,  with  the  Coast  Survey  transit  made 
by  Pistor  &  Martins  of  Berlin,  8  feet  fcxjal  length,  aperture  inches,  object  glass  partly  covered 
with  a  thin  film  of  silver  except  central  part  of  2  inches  diameter  whi<5h  was  left  clear;  used  a 
neutral  tint  shade-glass ;  magnifying  power  110.  Sun’s  limb  Very  unsteady,  and  seen  through  a  thin 
cloud  at  time  of  third  contact.  At  5^  32™  27®  (chronometer  time.  Dent  2256)  undulations  on  the  sun’s 
limb  occasionally  reached  Mercury,  otherwise  sunlight  clearly  seen  between  the  bodies.  At  5*^  32“  60® 
interior  contact  established,  though  exact  second  difficult  to  seize  on  account  of  boiling  motion  of 
sun’s  image.  At  34“  54®  judged  to  be  about  same  phase  as  at  ingress  when  Mercury  was  first 
seen  in  the  morning;  time  extremely  doubtful  on  account  of  undulations.  At  5**  35“  21®  outer  and 
last  contact  fairly  made  out,  the  large  waves  along  the  sun  showing  no  farther  interruption.  Chro¬ 
nometer  slow  of  Naval  Observatory  mean  time  68®,  hence — 

h.  m.  8. 

c  Second  interior  contact  at  6  33  48,  mean  time  United  States  Naval  Observatory  (satisfactory). 

(  Last  contact  at  6  36  19,  mean  time  United  States  Naval  Observatory  (tolerably  satis- 

[factory.) 

Respectfully  submitted  by — 

CHAS.  A.  SCHOTT, 

Assistant  Coast  and  Geodetic  Survey. 

Carlile  P.  Patterson,  Esq., 

Superintendent  United  States  Coast  and  Geodetic  Survey. 


TRANSIT  OF  MEL  CUR  Y. 

United  States  Coast  and  Geodetic  Survey  Office, 

WaMngton,  May  7,  1878. 

Place  of  observation,  Fauth  &  Co.’s  observatory,  Washington. 

Latitude,  380  53' 11.7"  n. 

Longitude,  09®.  1  east  of  Naval  Observatory. 

Observer,  Richard  D.  Cutts. 

Recorder,  John  W.  Parsons. 

The  large  transit  by  Pistor  &  Martins,  6.J  inches  aperture,  was  mounted  in  the  yard  close  to 
the  observ^atory,  but  in  consequence  of  the  tremulous  motion  given  to  the  telescoi)e  by  the  wind 
prevailing  at  the  time  of  th*^  ingress  of  the  planet,  one  contact  only  was  observed,  and  that  unsat¬ 
isfactorily. 

Second  [internal)  contact. 

Mr.  Saegmuller,  using  a  telescope  with  an  aperture  of  3  inches  and  a  magnifying  power  of  70, 


observed  the  second  (internal)  contact  as  follows : 

h.  m.  8. 

Time  of  contact  by  chronometer .  6  49  01 

Chronometer  slow  of  Naval  Observatory  mean  time  . . .  3  18  24 


Mean  time  of  contact . . . . .  .  10  07  25 


P.  M. 

The  third  and  fourth  contacts  were  fully  observed  with  a  telescope  by  Fauth  of  Washington, 
having  a  clear  aperture  of  2^  inches  and  a  magnifying  power  of  78. 

As  the  telescope  was  small,  the  observer  determined  to  note  the  time  when  the  first  doubt  in 
regard  to  the  contact  arose,  and  again  when  that  doubt  ended,  under  the  supposition  that  the  mean 
of  the  two  would  give  a  better  result  than  could  otherwise  be  obtained  with  so  small  an  objective 
and  power. 


S.  Ex. 


12 
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Third  {internal)  contact, 

h.  m.  B. 

Doubt  commenced .  2  16  32 

Doubt  ended .  2  16  44 

Time  of  contact  by  chronometer . • . .  2  16  38 

Chronometer  slow  of  Naval  Observatory  mean  time .  3  17  10 

Mean  time  of  contact . . 5  33  48 

Fourth  {external)  contact, 

h.  m.  8. 

Doubt  commenced . 2  18  59 

Doubt  ended .  2  19  24 

Time  of  contact  by  chronometer .  .  .  2  19  11 

Chronometer  slow  of  Naval  Observatory  mean  time .  3  17  10 

Mean  time  of  contact . .  5  36  21 


The  time  was  determined  by  Kessels’  sidereal  box-chronometer,  and  was  referred  to  Observa¬ 
tory  time. 

The  definition  of  Mercuiy  was  sharp  and  steady.  As  the  planet  approached  the  undulating 
limb  of  the  sun,  the  clear  outline  commenced  to  tremble  or  break ;  and  at  this  moment  the  time 
was  called,  and  again  called,  when  the  outline  ceased  to  be  visible.  A  thin  cloud  crossed  the  sun 
during  this  contact,  which,  however,  did  not  interfere  with  the  observation. 

The  same  course  was  adopted  for  the  last  (external)  contact,  the  time  being  noted  when  the 
inner  limb  of  Mercury  first  became  agitated,  and  again  at  its  total  extinguishment. 

RICH’D  D.  CUTTS. 


United  States  Coast  and  Geodetic  Survey  Office, 

Waehmgtonj  D,  C,,  May  7,  1878. 

Dear  Sir  :  I  take  pleasure  in  submitting  to  you  a  report  of  the  observation  of  the  transit  of 
Mercury  May  6,  1878,  as  made  by  me  at  a  station  near  southeast  corner  Coast  Survey  OflSce,  in 
latitude  38^  53'  11".2  (north) ;  longitude  77^  00'  34".7  west  of  Greenwich. 

The  instrument  employed  was  zenith  telescope  C.  S.  No.  3,  by  Troughton  &  Simms,  of  3J^  inches 
clear  aperture,  and  about  42  inches  focal  length.  The  magnifying  power  used  was  48  diameters 
for  the  morning  observations,  i,  e.,  first  and  second  contacts,  and  a  power  of  120  diameters  in 
the  afternoon  observations,  or  third  and  fourth  contacts. 

Time  was  noted  by  sidereal  chronometer  Hutton  No.  220,  adjusted  so  as  to  indicate  approxi¬ 
mately  local  mean  time. 

The  four  contacts  were  observed  and  noted  by  chronometer  as  follows,  viz  : 

First  contact  (ingress)  =  10^  Oo'"  00*.0.  Observed  too  late;  notch  much  smaller  than  expected. 

Second  contact  (ingress)  =  10**  07'"  40*.0.  Sun’s  limb  just  complete. 

Third  contact  (egress)  =  5**  35'"  06®.0.  Instant  of  formation  of  ligament. 

Fourth  contact  (egress)  =  5**  38"*  04*.0.  Observed  too  late. 

During  the  morning  observations  the  condition  of  the  atmosphere  proved  very  favorable,  the 
well-defined  solar  limb  appeared  quite  steady.  In  the  afternoon  the  contacts  were  observed  through 
haze  and  a  strongly  boiling  atmosphere.  Especially  at  the  occurrence  of  the  last  contact  the  sun’s 
limb  trembled  and  undulated  violently,  owing  to  which  the  observer  is  under  the  impression  that 
the  contact  was  announced  too  late  by  about  5  or  10  seconds.  It  was  diflSicult  to  judge  the  moment 
of  disappearance  of  the  notch  in  the  solar  limb. 
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The  definition  of  the  telescope  was  very  fair.  Screens  were  used  at  the  eye  end  of  the  telescope. 
About  an  hour  before  observation  the  Hutton  chronometer  was  compared  with  Dent  No.  2256, 
the  chronometer  used  by  Mr.  Schott.  The  comparison  was  as  follows : 

Hutton,  O’*  01™  47*.5  =  Dent,  O’*  01™  00*.0. 

The  error  of  Dent,  at  comparison,  was  given  by  Mr.  Schott  to  be  =  57*  slow. 

The  dropping  of  the  time  ball  at  Naval  Observatory  was  noted  by  Hutton  220  (noon): 

h.  in.  8. 

May  6,  1878  =  12  00  10.7. 

May  7,  1878  =  12  04  21.7. 

The  hourly  gaining  rate  on  mean  time  of  Hutton,  therefore,  was  =  10*.08. 

Assuming  the  time  ball  to  have  been  dropped  at  precisely  noon  May  6  and  7,  the  observations 
of  the  contacts  corrected  for  rate,  L  e.,  referred  to  Naval  Observatory  mean  time,  stand  as 


follows,  viz :  . 

h.  m.  8. 

First  contact  (ingress) . ^ .  10  05  00.0 

Second  contact  (ingress) .  .  10  07  39.0 

Third  contact  (egress) .  .  5  33  50.0 

Fourth  contact  (egress) .  5  36  47.0 


which  times  of  first  and  fourtn  contacts  are  subject  to  the  qualification  above  stated. 

The  occuiTenc6  of  the  several  contacts  was  announced  aloud  by  the  observer,  and  the  time 
noted  and  recorded  by  Louis  A.  Sengteller,  Assistant  in  the  Coast  and  Geodetic  Survey. 

"\^ours,  very  respectfullv, 

WILLIAM  EIMBECK. 

P.  S. — I  inclose  herewith,  at  his  request.  Assistant  O.  H.  Tittmann’s  observations  of  the  first 
two  contacts.  The  correction  for  rate  of  chronometer  is  insignificant  for  that  time. — W.  E. 


United  States  Coast  and  Geodetic  Survey  Office, 

.  -  Washington^  D.  (7.,  May  6,  1878. 

Observation  of  transit  of  Mercury. 

Telescope,  3-inch  aperture ;  91  magnifying  power ;  red  glass  over  ocular. 

Stop-watch  set  at  15*.  When  line  of  light  broke  I  started  stop-watch  at  15®. 

(22.) 

b.  m.  8. 

When  Assistant  Eimbeck’s  chronometer  showed .  10  08  00 

Stop-watch  showed . . .  42.5 

Time  between  noting  the  breaking  of  the  line  of  light . .* .  (15.0) 


and  comparison  of  stop-watch  with  chronometer .  27.5  seconds  of 

mean  time  =  27®.6  of  sidereal  time. 

Time  of  fii*st  interior  contact  (breaking  of  line  of  light),  by  Eimbeck’s  sidereal  chronometer, 
221*  07*"  32®.4,  uncorrected  for  chronometer  error.  The  telescope  was  mounted  within  10  feet  of 
Assistant  Eimbeck’s  chronometer  and  telescope. 

O.  H.  TITTMANN. 
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United  States  Coast  and  Geodetic  Survey  Office, 

Washington^  March  17,  1879. 

Dear  Sir  :  I  transmit  herewith  the  re]>ort  of  Assistant  Schott  on  the  adjustment  of  the  pri¬ 
mary  triangiilation  between  the  Kent  Island  and  Atlanta  base  lines. 

I  have  read  this  i>aper  with  great  satisfaction,  both  as  to  the  quality  of  the  triangulation  and 
the  methods  of  reduction,  and  recommend  that  it  be  printed  in  the  Coast  Survey  Report  for  1878. 
Yours,  respectfully, 

J.  E.  HILGARD, 
Assistant  in  Charge. 

C.  P.  Patterson,  Esq.,  Superintendent. 


Computing  Division,  Coast  and  Geodetic  Survey, 

February  20,  1879. 

Dear  Sir:  Under  date  of  November  15,  1878,  I  submitted  to  the  Superintendent  a  report* 
on  the  comi)letion  and  results  of  the  primary  triangulation  along  the  Blue  Ridge  between  Wash¬ 
ington,  D.  C.,  and  Atlanta,  Ga.  In  this  report  I  stated  that  the  investigation  of  the  probable  error 
of  this  triangulation  was  not  quite  complete,  and  when  completed  would  be  communicated.  This 
is  now  done. 

I  also  submit  in  paper  No.  1  a  copy  of  the  triangle-side  computation  to  show  the  corrections  to 
the  measured  angles  needed  to  satisfy  the  geometrical  conditions  of  the  triangulatiou.  It  has 
already  been  stated,  in  the  report  referred  to  above,  that  no  special  equation  was  needed  to  bring 
the  Kent  Island  and  Peach  Tree  Ridge  biise  lines  into  accord,  since  the  values  for  length  of  junc¬ 
tion  line,  as  derived  from  these  bases,  already  agreed  closely. 

From  the  employment  of  direction  instruments,  it  might  be  expected  that  there  is  no  tendency 
I  ither  to  overmeasure  or  to  undermeasure  the  angles,  and,  in  fact,  if  we  collect  the  errors  in  the 
closing  of  the  triangles,  we  find  for  the  62  triangles  of  the  northern  half  of  the  triangulation,  or 
between  Kent  Island  base  and  line  Buffalo — Moore  31  with  -f  errors,  amounting  in  the  aggregate 
to  41".5;  31  with  —  errors,  amounting  in  the  aggregate  to  38".6;  and  for  the  73  triangles  of  the 
southern  half  or  between  Buffalo — Moore  and  the  Atlanta  base,  30  with  -f  errors,  amounting  in  the 
aggregate  to  41".8;  43  with  —  errors,  amounting  in  the  aggregate  to  65'^5.  The  want  of  balance 
I  regard  as  accidental. 

If  we  arrange  the  errors  in  closing  of  triangles  according  to  the  magnitude  of  the  triangle, 
that  is,  according  to  the  value  of  the  spherical  excess,  we  have  the  sum  of  the  squares  of  errors  as 
follows : 


Northern  half  of  triangulation. 

Spherical  excess. 

2A»  •  1 

Southern  half  of  triangnlation. 

Spherical  excess. 

2A* 

//  $! 

w  // 

1 

0.  244  to  0. 725 

20.64 

1 

A,  no2  to  0.  930 

22.  04 

2 

11  ...do  . 

0.764  to  1.608 

1&95 

2 

12  ...do . 

0.  949  to  1.  887 

37^ 

3 

10  ...do .  .. 

1.848  to  4.021 

25.12 

3 

13  ...do . 

2.004  to  2.806 

31.70 

4 

10  . .do  . 

4.040  to  5.365 

35.69 

4 

12  ...  do . 

2.832  to  4.158 

93.46 

5 

11  ...do  . 

5. 491  to  7. 386 

30.81 

5 

12  ...do . 

4. 706  to  7. 763 

39. 01 

6 

10  .  do  . 

8. 124  to  12. 119 

23.45  ! 

6 

12  . .  do . 

7. 037  to  15. 026 

51.43 

i 

*  Copy  appended. 
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From  the  first  part  of  the  table  we  can  hardly  infer  anything  respecting  a  relation  between  the 
error  in  the  closing  of  triangles  and  their  magnitude,  but  from  the  second  part  of  the  table  it 
would  seem  that  the  error  of  closing  slightly  increases  with  the  size  of  the  triangle.  A  law  of  this 
.  kind  is  very  probable. 

The  average  probable  error  of  a  resulting  direction,  as  found  from  the  station  or  local  adjust¬ 
ment,  is  ±  0".19  for  the  northern  and  ±  O'M  8  for  the  southern  part  of  the  triangulation.  Now  these 
numbers  are  very  much  smaller  than  the  final  corrections  to  the  directions  as  resulting  from  the 
figure  adjustment;  in  fact  on  this  difference  depends  the  application  of  weights  in  the  adjustment, 
and  it  forms  the  distinctive  feature  of  our  method  of  treatment  as  explained,  Coast  Survey  Re¬ 
port  for  1864,  p.  129,  article  9.  It  is  here  also  clearly  seen  that  any  increase  in  the  number  of 
measures  or  observations,  or  the  substitution  of  instruments  superior  to  those  actually  used,  would 
but  very  slightly  increase  the  accuracy  of  the  triangulation.  In  order  to  do  the  latter  effectively 
we  would  have  to  look  to  triangles  of  better  shape,  and  to  more  triangles  entering  in  combination 
as  well  as  to  a  shortening  of  the  distance  between  any  two  base*  lines. 

In  paper  No.  2  I  have  given  a  complete  account  of  the  considerations  for  the  computation  of  the 
probable  error  to  which  a  triangulation  may  be  liable  in  consequence  of  the  uncertainty  in  the  base 
measure  and  in  consequence  of  the  uncertainties  in  the  angular  measures. 

The  method  now  presented  is  the  result  of  further  attention  given  to  the  subject  since  the  last 
publication  in  the  report  of  1865.  Referring  to  this  appendix,  we  have  the  probable  error  of  any 
measured  angle  for  the  triangulation  between  Kent  Island  anti  the  junction  line  Buft’alo — Moore  = 
±  0".63;  and  for  the  triangulation  between  the  Atlanta  base  and  the  junction  ±  0".86;  also,  the 
probable  error  of  the  length  of  the  junction  line  from  the  first  or  northern  half  of  the  Blue  Ridge 
triangulation  =  ±  0'“.665,  and  from  the  second  or  southern  half  =  ±  0'".829 ;  and  combining  with 
these  values  the  effect  of  the  probable  errors  of  the  base  lines,  or  ±  0"’.208  and  ±  0'".085,  the  respective 
probable  errors  become  ±  0'".697  and  ±  0'".853,  hence  the  probable  error  of  the  junction  line  by 
combination  of  these  two  values  =  ±  0'".535,  or  kh+oo  its  length. 

The  probable  error  of  the  measure  of  the  Kent  Island  base  is  ±  of  the  Atlanta 

base  ±  TeiVny  5  hence  the  Average  probable  error  of  the  northern  half  of  the  Blue  Ridge  trian¬ 
gulation  =  i  TTg^»o^7  ^od  of  the  southern  half  =  ±  of  the  length;  and  for  the  whole  of 

the  602  statute  miles  of  triangulation  ±  uroVoo  of  its  length,  on  the  average. 

Paper  No.  3  is  submitted  by  special  direction  of  the  Superintendent,  who  desired  that  a  com¬ 
plete  account  of  the  method  of  sol  ition  of  large  numbers  of  normal  equations  be  presented,  and  I 
have  accordingly  requested  Mr.  M.  H.  Doolittle,  of  the  Computing  Division,  to  draw  ui>  this  paper. 

This  method  of  solution  of  linear  normal  equations  is  rigorous  and  direct,  and  with  systematic 
arrangement  merely  involves  mechanical  labor.  It  may  be  applied  to  a  far  greater  number  of 
equations  than  we  have  had  hitherto  occasion  to  solve  (52).  Its  essential  peculiarity  consists  in 
first  obtaining  an  approximate  solution  effected  by  operating  only  with  a  small  number  of  signifi¬ 
cant  figures  of  the  coefficients  involved  so  as  to  bring  inio  use  Crelle’s  tables.  Logarithms  are 
altogether  dispensed  with. 

An  approximate  value  for  the  first  unknown  quantity  having  been  obtained  from  the  first  equa¬ 
tion,  and  expressed  in  terms  of  the  other  unknown  quantities  contained  in  that  equation,  it  is 
substituted  in  the  second  equation,  and  from  thi^  an  approximate  value  of  the  second  unknown 
quantity  is  found  in  terms  of  the  remaining  unknown  quantities.  Next  follows  a  substitution  in  the 
third  equation,  and  so  on  to  the  end.  Approximate  values  of  all  unknown  quantities  having  thus 
been  obtaineii,  a  rigorous  substitution  in  the  original  equations  is  made,  and  the  new  and  neces¬ 
sarily  small  residuals  are  treate<l  a  second  time  in  a  manner  similar  to  the  first-- described  process, 
and  the  small  corrections  now  found  are  added  to  the  first  approximations.  It  is  not  likely  that  a 
third  treatment  will  ever  be  needed.  To  the  i)aper  Mr.  Doolittle  has  added  some  remarks  pertinent 
to  the  proper  solution  and  arrangement  of  conditional  equations,  especially  for  the  case  involving 
small  angles.  Practically,  two  computers  are  employed  in  the  solution  of  any  large  number  of 
equations,  and  they  compare  their  results  at  the  close  of  each  day’s  work,  making  the  commission 
of  any  mistakes,  without  speedy  detection,  almost  impossible. 


Yours,  respectfully, 


CHAS.  A.  SCHOTT, 


Assistant  in  charge  Computing  Division. 
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EBPORT  OF  THE  SUPERIOTENDBOT  OF  THE 


Coast  and  Geodetic  Sxjevey  Office, 

November  16, 1878. 

Dear  Sir  :  It  gives  me  pleasure  to  inform  you  by  this  preliminary  report  of  the  successful 
completion,  a  few  days  ago,  of  the  computation  of  the  primary  triangulation  along  the  Blue  Ridge 
between  Washington,  D.  C.,  and  Atlanta,  Ga.  The  primary  triangulation,  as  measured  along  its 
axis,  stretches  over  602  statute  miles  between  the  Kent  Island  base  and  the  Atlanta  base. 

The  junction  line,  which  represents  about  the  average  width  of  the  triangulation,  is  nearly 
midway  between  the  bases  (300  miles  from  Kent  Island  and  302  from  the  Atlanta  line),  and  its 
length  between  Buffalo  ^  and  Moore  is  29.5  statute  miles,  or  47.5  kilometers  nearly.  Computed 
from  the  Kent  Island  base  it  is  47  462‘".826,  from  the  Atlanta  base  47  462“.842  in  length,  the  differ¬ 
ence  being  only  OMe  unit  in  the  seventh  place  of  decimals,  or  in  linear  measure  about  15  millime¬ 
ters,  or  a  little  over  half  an  inch.  This  close  accord  must  be  regarded,  in  a  measure,  as  accidental, 
though  such  accidents  usually  happen  only  with  good  work.  The  true  estimate  of  the  value  of 
our  work  is  furnished  by  the  probable  error  of  the  length  of  the  junction  line,  which  is  a  little  less 
than  ±  o'".6  or  ±  2  feet,  or  ±  -fghos  nearly  of  the  length,  but  this  quantity  is  not  yet  finally  set¬ 
tled.  The  close  agreement  at  the  junction  rendered  the  extra  labor  of  carrying  a  distance  equation, 
for  perfect  llccord,  unnecessary.  The  least  square  treatment  of  the  northern  half  of  the  triangula- 
tion  involved  the  solution  of  52,  and  that  of  the  southern  of  41  normal  equations.  Both  sets  were 
successfully  solved  in  a  very  short  time,  and  the  method  of  solution  adopted  by  Mr.  Doolittle  will 
be  presented  with  my  full  re])ort.  The  accord  in  the  azimuths  of  the  line  is  no  less  remark¬ 
able.  From  the  northern  mean  astronomical  azimuth  it  is  338^  26'  34".07,  and  from  the  southern 
3380  26'  32".63,  difference  1".44,  which  includes  effect  of  error  in  assumed  spheroid.  With  respect 
to  latitude,  the  northern  geodetic  latitudes  overlap  the  southern  ones  by  nearly  4";  thus  latitude  of 
Moore  from  North  36°  23'  49".9()5,  from  South  53".851 ;  difference  3".946,  about  121"“.7  or  399  feet. 
This  I  expect  to  convert  into  a  small  quantity  by  lifting  the  triangulation  from  the  surface  of 
the  now  obsolete  Bessel  spheroid  to  that  of  Clarke’s.  The  longitudes  agree  within  1".2  or  0®.08, 
indicating  that  our  approximate  telegraphic  longitude  of  Atlanta  is  probably  nearly  correct.  In 
accordance  with  your  verbal  approval,  I  shall  resume  my  discussion  of  1870,  and  bring  out  the 
final  results  for  the  whole  oblique  arc. 

I  remain,  yours,  very  respectfully, 

C.  A.  SCHOTT, 

Assistant  in  charge  of  Office  and  Computing  Division, 


Carlile  P.  Patterson,  Esq., 

Superintendent  United  States  Coast  and  Geodetic  Survey. 


[Paper  No.  1.] 

Adjusted  primary  triangles  between  Kent  Island^  3fd.,  Washington^  D.  C.,  and  Atlanta^  Oa. 


Name  of  Btatioii6. 

Observed  angles. 

Correc¬ 

tions. 

Spherical 

angles. 

Spherical 

excess. 

Plane  angles 
and  distances. 

Logarithms. 

o 

/ 

n 

„ 

« 

// 

MeUrg. 

8  687.5446 

3. 9388870  5 

38 

36 

52.373 

—  .509 

51.864 

.081 

61.'783 

0. 2047626  7 

88 

35 

36.913 

—  .233 

36.680 

.081 

36.599 

9.99086013 

52 

47 

32.  on 

-.311 

31.  700 

.082 

31. 618 

9. 9011567  3 

Xaylor  to  South  RRrBO  _ _  _ 

13  916. 462 

4. 1435288  5 

Taylor  to  North  Haao  --  - _ 

11  087. 061 

4.0448164  5 

TCont  I  aland— North  Paae  to  Srmf.h  "pjiae  ■  -  - _  _ - _ 

a  9388970  6 

\f  firriott  . . . . . . 

18 

13 

37. 318 

-f  .270 

37.588 

.146 

37.442 

0.  5047559  4 

North  Base  . . . - . . . . 

50 

05 

05. 356 

-  .702 

04.654 

.145 

04.509 

9. 8847911  5 

South  RfU4A _  _ _ _  _ _ _ ...... _ .... 

111 

41 

la  247 

-  .052 

la  195 

.146 

ia049 

0.0681128  2 

Marriott  to  South  Baao . . . . 

21  80a  165 

4.32844414 

Marriott  to  North  Base . . . 

25  80a681 

4.41176681 
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Adjusted  primary  triangles  between  Kent  Island,  Md.,  Washington,  D.  G.,  and  Atlanta,  Oa. — Continued. 


Name  of  stations. 

Observed  angles. 

Correc¬ 

tions. 

Spherical 

angles. 

Spherical 

excess. 

Plane  angles 
and  distfmces. 

Logarithms. 

Taylor  to  South  Base . 

o 

i 

// 

. 

// 

H 

// 

Meter*. 

4. 1435288  5 

0. 1903782  4 

9.  9945370  4 

9.  9325918  2 

4. 3284441  3 
4.2664989  1 

4. 0448164  5 

0. 4274485  3 

9.  9395008  3 
9.  7942339  3 

4.4117658  0 

4.26649891 

4. 4117658  1 

0.  0306515  0 

9.  97.55389  2 
9. 8109800  3 
4. 4179562  3 

4.2533973  4 

4. 2533973  4 

0.0806629  1 

40 

10 

21.280 

-f  .243 

21.  .523 

.215 

2L308 

52.  411 

Taylor . 

80 

55 

51.946 

-f  .680 

52.  620 

.  215 

58 

53 

46.236 

-I-  .260 

46.496 

.215 

4a  281 

21  30a  165 

18  471. 361 

. 

21 

56 

43.962 

—  .027 

43.  935 

.  150 

43. 785 

Taylor  . - . 

119 

32 

44.319 

-i-  .171 

44. 490 

.  151 

44. 339 

38 

30 

31.557 

.470 

32.027 

.151 

31.876 

25  808.681 

18  47L  361 

68 

43 

33.677 

—  .  068 

33.  609 

.370 

3a  239 

North  Baae . . . 

70 

56 

5a  975 

-f  .763 

59.  738 

.370 

59.368 

40 

19 

2a  501 

—  .738 

27. 763 

.370 

27.393 

26  179. 192 

17  922.448 

56 

08 

h7. 917 

-f  1.  016 

—  .009 

5a  933 

.254 

58.679 

60 

07 

41.140 

41. 131 

.255 

40.876 

9.  9380894  4 

9. 9526273  9 

63 

43 

20.633 

-f  .067 

20.700 

.255 

20.445 

. . . 

18  713. 270 

4. 2721496  9 

4. 2866876  4 

4. 2721496  9 

0.2269388  5 

9. 9636254  5 

9.  7055337  2 

4. 4627139  9 

4.2046222  6 

. 

19  350. 297 

^<0  Tjinstid  .  _ . . . . . . 

Pool's  Island  ................  . . . . 

36 

22 

la  134 

-f  .034 

la  168 

.234 

14.934 

Swan  Point  . . . . . . 

113 

07 

27.589 

—  .434 

27. 155 

.233 

26.922 

LiniitJd .  . . . . . . 

30 

. 

30 

19.239 

_ 

—  .862 

18.  377 

.233 

la  144 

Xsland  to  T.instld  _ ! _  _ ^  . 

29  021. 108 

Pool’s  Tsl^od  to  Swan  Point . . . . 

16  Oia  515 

Pool’s  Tglftfid  to  T.inatid . . . . . 

4. 4627139  9 

Finlay  . . . . . . 

53 

32 

21. 714 

41.651 

23.365 

.635 

22.730 

0.0945990  6 

Pool’s  Island . . . 

79 

44 

39.791 

4  .509 

40. 300 

.635 

39.665 

9. 99300.53  2 

Linstid . 

46 

42 

57.730 

4  .510 

5a  240 

.635 

57.  605 

9.8621100  6 

Ffniay  to  T.inatid . . . . 

35  507.  358 

4.  5503183  7 

PhlJay  to  Pool’s  laland . . . 

26  267. 764 

4. 4194231 1 

TJostld  to  . . . . . . . 

4. 2142059  4 

Finlay . . . 

25 

43 

37.  235 

.489 

3a746 

0. 3624285  5 

linstid...  . . 

84 

01 

06.411 

4  .096 

0a507 

.489 

06.018 

9.  9976289  4 

Webb . 

70 

15 

ia992 

4  .734 

17.  726 

.490 

17.236 

9.  9736a38  8 

Finlay  to  TFebh  _  _ _ -  _ - _ t 

*37  520. 051 

4.  5742634  3 

Finlsy  to  T.lnatid . . . . . . . 

35  507. 358 

4.  5503183  6 

North  Base  to  Taylor  .  . . . . 

4. 0448164  5 

linstid . 

34 

46 

24.832 

41. 126 
4  .295 

25.958 

.090 

25.868 

0.2438671  1 

North  Base . . . . . . . 

32 

26 

27.418 

27. 713 

.091 

27.622 

9.7295138  2 

Taylor . 

T.lnaHil  fix  T*o.vlftT  _  _ 

112 

47 

0a714 

4  .686 

oaeoo 

.090 

oa5io 

10  427.  912 

9.  9647137  8 

4.0181973  8 

I/instid  to  I^o^th  Bimo _  _ t*. . _ _ 

17  922.448 

4. 2533973  4 

Taylor  to  Marriott . . . . . . 

. 

4.  2664989  1 

Linstid . . . 

33 

57 

08.845 

-1. 195 

07.650 

.129 

07.521 

0,  2529772  4 

Taylor . 

127 

40 

09.967 

—1.057 

oa  910 

.129 

08. 781 

9.  8984800  9 

Ifarrlott  . . . 

18 

22 

44.539 

—  .712 

43.827 

.129 

43.698 

9. 4987212  2 

Xjinstid  to  hfarrtott _ _ - _  _ -  _ 

26  179. 192 

4. 4179562  4 

Linstid  to  Taylor . . . 

10  427. 912 

4. 0181978  7 
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REPORT  OP  THE  SUPERINTENDENT  OF  THE 


Adjusted  primary  triangles  between  Kent  Island^  Md.^  Washington^  B,  C.,  and  Atlanta^  Ga. — Continued. 


Name  of  stations. 

Obaerred  anglt'S. 

Correc¬ 

tions. 

Spherical 

angles. 

Spherical 

excess. 

Plane  angles 
and  distances. 

Logarithms. 

O  /  // 

Meteri. 

Linstid  to  Marriott . 

4.  4179.562  3 

Webb . . . 

76  16  06.190 

—  .  103 

06.087 

.333 

05/754 

0. 0125089  5 

Linstid . . 

66  18  42. 310 

+  .2.56 

42.566 

.3,32 

42.234 

9. 9617745  0 

Marriott . 

37  25  11.128 

f  1.216 

12.344 

.332 

12. 012 

9.7836557  5 

Webb  to  Marriott  . 

24  678.  836 

4.3023246  8 

16  375. 929 

4  2142059  3 

Webb  to  Marriott . 

. 

4  3923246  8 

HiU  . 

56  40  32.002 

+  .408 

32.410 

. 

.465 

31.945 

0.0780156  5 

Webb . 

53  10  52.339 

—  .342 

51.997 

.465 

51.532 

0.9033789  6 

Marriott . . 

70  08  37.171 

—  .184 

36.987 

.464 

36.523 

0. 9738801 1 

23  643.910 

4  3737109  0 

Hill  to  Webb . 

27  779. 245 

4  44.37204  4 

Webb  to  Marriott . . 

. 

4  3093946  8 

Soper . 

39  41  37.078 

—  .245 

. 

36.  833 

.486 

86.347 

0. 1947169  7 

Webb . 

102  15  58.886 

-h  .009 

58.895 

.486 

5a  409 

9. 9890705  6 

Marriott . 

38  02  26.815 

— L085 

25.730 

.486 

25. 244 

9. 7897381  2 

Soper  to  Marriott . 

37  75a  280 

4  «;77ftl99  1 

23  810. 843 

4  3767747  7 

Webb  to  Hill . . 

4  441t7?04  4 

Soper . 

75  01  10. 921 

—  .034 

10.  887 

.423 

10.464 

0.  0150165  0 

Webb . 

49  05  06.547 

+  .351 

06.898 

.423 

06.475 

0.8783399  6 

Hill . 

55  53  43.600 

-  .116 

43.  484 

.423 

4a  061 

0.0180378  3 

Soper  to  Hill  . 

21  730  8.>i9 

4  3370769  0 

Soper  to  Webb . . . 

. 

23  810. 843 

4. 3767747  7 

4  3737192  0 

Marriott  to  Hill . 

Soper . 

35  19  33.843 

+  .211 

34.054 

.401 

83.653 

^  M  f  0  f  1  96  V 

0. 2879007  9 

Marriott . 

32  06  10.356 

+  .901 

11.  257 

.402 

10.855 

9.7254.568  2 

112  34  15.602 

+  .292 

15.894 

.402 

15  492 

0.9653921  3 

Sox>er  to  HiU . 

21  730.859 

4  32170769  0 

Soper  to  Marriott . 

37  75a  280 

^  00  •  w  #  W 

4  5770122  1 

Soper  to  HiU . 

i 

4  3370769 

Canaten . 

69  31  00.444 

+1.019 

01.463 

1  .280 

I . 

01. 183 

0.0283643 

Soper  . 

47  08  46.410 

+  .655 

'  47.065 

.280 

4a  785 

9. 8651591 

HUl . 

63  20  1L713 

+  .598 

1  12.311 

.279 

12. 032 

9. 9511718 

Canaten  to  HiU . 

1 

i  17  AAfi  QM 

4  2906003 

Causten  to  Soper . . 

1 

. 1 

1  X  #  UvU*  VaO 

on  7^  ARO 

mHIDUUO 

Soper  to  HiU . 

i 

. .  1  .... 

*i\f  f  wV.  UOa 

OlOOXoV 

Stabler . 

17  46  18.832 

—  .001 

. 

18.831 

.033 

'  ia798 

OOfvfUV 

0. 5153755 

Soper . . . . . . 

158  15 

58.660 

034  1 

1  5a626 

9.5685460 

HiU . 

3  57  43. 173 

-  .560 

42.  610 

1  .034 

42. 576 

a  8394268 

Stabler  to  HiU . 

26  363.218 

4  4900064 

Stabler  to  Soper . 

4  919  027 

Webb  to  HUl . 

Om 

A  AA^S^OfiA 

%m  xlH 

Stabler . 

62  40  22.319 

—  .319 

22.000 

.636 

:  21.464 

0. 0513924 

Webb . . . 1 

57  28  13.386 

+  .128 

13.  514 

.636 

'  12.978 

9.9258856 

Hill . . 

59  51  26.654 

—  .560 

26.094 

!  .536  1 

25.558 

9.9360035 

Stabler  to  HiU . 

_ 

26  363  218 

A  AOi^MkSlA 

Stabler  to  Webb . i 

1 

. ! 

am  OVO*  aXO 

27  040  600 

Webb  to  Soper . 

. 

*1  WV.  VW 

Stabler . 

44  54  03.487 

-  .318 

03. 169 

.080 

03.089 

Of  Of  l♦o 

0. 1512678 

Webb .  1 

8  23  06.488 

+  .128 

06. 616 

.079 

06.537 

0.1638367 

Soper . . . 

126  42 

60.453 

.079 

j  50.874 

0.9039788 

Stabler  to  Soper . . . 

1  4  919. 028 

27  040.606 

R  AOIfiTDR 

Stabler  to  Webb . . 

o*  fRfXOfWI 

X  4820164 

Digitized  by 


Google 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


97 


Adjusted  primary  triangles  between  Kent  Island,  Md.,  Washington,  D.  G.,  and  Atlanta,  Oa. — Continued. 


17ame8  of  statioiis. 


Observed  angles. 


Correc¬ 

tions. 


Spherical  Spherical 
angles.  excess. 


Plane  angles 
and  distances. 


Stabler  to  Hill 

Peach  Grove . 

Stabler . 

Hffl . 


51  03  01.001 
63  40  03.058 
65  16  57.501 


+ 


Peach  Grove  to  Hill. . . 
Peach  Grove  to  Stabler. 


II 


II 


II 


Meter*. 


.142 

.163 


.503 


00.850 

02.805 

58.004 


.616 

.616 

.616 


00."243 
00. 270 
67. 478 
30  381. 552 
30  703.362 


Cansten  to  Hill. 

Peach  Grove . 

Cansten . 

Hill . . 


7  24 
166  41 
5  54 


22.078 

28.058 


+  .320 


—  .564 


22.308 
00.343 
2a  304 


.045 

.045 

.045 


Peach  Grove  to  Hill . 

Peach  Grove  to  Cansten 


22.353 
00.208 
2a  340 
30  381. 560 
13  570. 253 


Stabler  to  Peach  Grove 

Ifaryland  Heights . 

Stabler . 

Peach  Grove . 


26  67  21.211 
67  47  51.520 
85  14  40.788 


-fl.  040 
-f  .336 
-f  .088 


22.260 

5L865 

60.776 


1.634 


1.634 

1.633 


Harjland  Heights  to  Peach  Grove 
Karyland  Heights  to  Stabler . 


20.626 
50.231 
40. 143 
62  804. 310 
67  607. 625 


Logarithms. 


4.4200084 

0. 1001004 
0. 0524212 
0.0582683 

4.4826100 
4.4884571 

4.2306003 
0.8807368 
0.3622730 
a  0125388 

4. 4826101 
4. 1328750 

4.4884571 
0.3436124 
0.0665410 
0.0085030 
4. 7086114 
4.8305734 


Maiyland  Heights  to  Stabler. 


Bull  Eon . 

ICarjland  Heights . 

Stabler . 

Bnll  Eon  to  Stabler . 

Boll  Enn  to  Maryland  Heights 


67  51  56.802 
67  51  33.042 
44  16  38.016 


-  .610 
+  .208 
-  .284 


56.102 
34.150 
37. 782 


2. 708 
2.708 
2.708 


5a484 
3L  442 
35.074 
67  604.672 
51  021. 506 


4.8305734 
0.0332404 
0. 0667317 
0.8430305 
4.8305545 
4.7077533 


Maryland  Heights  to  Peach  Grove 

Bnll  Enn . 

Maryland  Heights . 

Peach  Grove . 


85  00  50.705 
40  64  12.731 
53  56  04.405 


~  .755 

—  .841 

—  .010 


4a  050 
11.800 
0a405 


BnU  Eon  to  Peach  Grove . 

Boll  Eon  to  Maryland  Heights. 


L770 
1.778 
1. 778 


4a  171 
10.  U2 
OL  717 
41  82a  071 
51  021. 506 


4. 7086114 
0.0015402 
0.8160040 
0.0075027 
4. 6162546 
4. 7077533 


Stabler  to  Peach  Grove 

Bnn  Enn . 

StaUer . . 

Peach  Grove . 


17  17  53.003 
23  31  13.513 
130  10  54.103 


-  .145 
-f  .670 
+  .078 


5a  758 
14.083 
54.271 


.704 

.704 

.704 


5a  054 
13. 370 
53.567 


BnH  Ron  to  Peach  Grove 
Bnn  Enn  to  Stabler . 


41  32a  071 
67  604.687 


Stabler  to  HiU 

Sugar  Loaf . 

Stabler .  . 

Hfll . 


18  22 

134  00  4^341 
27  28  15.028 


. .  0a870 

-f  .252  42.503 

•f  .353  ia381 


Sngar  Loaf  to  Hill  ... 
Sugar  Loaf  to  Stabler 


.618 

.617 

.618 


0a261 

41.076 
14.763 
60  017. 017 
38  503.416 


4.4884571 
0. 5267427 
0. 6010548 
0. 81.53648 
4.6162546 
4.8305546 

4.4200684 
0. 501^1 
a  8557474 
0.6630707 
4.7782800 
4.5865132 


Stabler  to  Peach  Grove  . . . 

Sugar  Loaf . 

Stidder . 

Peach  Grove .  . 

Sugar  Loaf  to  Peach  Grove 
Sngar  Loaf  to  Stabler . 


45  42 


51.687 


70  20  30.283  +  .414 
63  47  3L  004  +  .416 


30.607 

31.510 


.048  50.680 

.048  3a  740 


.048 


30.562 


40  54a  850 
38  503.434 


4.4884571 
0. 1451603 
0. 0743307 
a  0628870 
4. 6070671 
4.5865134 


Stablw  to  Bnll  Enn  . . . . 

Sugar  Loaf. . 

Stabler . 

BuU  Enn . 

Sugar  Loaf  to  BnU  Enn 
Sugar  Loaf  to  Stabler  . . 


08  43  . 

46  68  25. 770  —  .  166 

34  17  5a  064  +  .248 


42.024 

25.614 

57.212 


1.616 

1.617 

1.617 


40.408 
28.007 
5a  605 
60  067.028 
38  60a425 


S.  Ex.  13 


4.8805645 
0.0050584 
0.8630380 
0.7500004 
4. 6005518 
4.5865133 
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Adjusted  primary  triangles  between  Kent  Island,  Md.,  Washington,  D.  0.,  and  Atlanta,  Ga. — Contmued. 


Names  of  stations. 

Observed  angles. 

Correo- 

tions. 

Spherical 

angles. 

Spherical 

excess. 

^  Plane  angles 
and  distances. 

Logarithms. 

o  $  n 

// 

// 

// 

Meteri. 

4.8806734 

0.0628282 

8  6726321 

8  7036116 

4.4654887 

4.6866132 

4.4826100 

0.8878802 

0. 7875081 

0. 9578310 

4.6070673 

4.7782811 

4.6162646 

0.0075737 

0.0857237 

88041288 

4.6006520 

4.6070571 

4.7086114 

0.1036116 

0.5682111 

8  7067341 

4.4654840 

4.6070570 

4.7077633 

0. 0150357 

0.7426450 

0.9767630 

4.4654340 

4.6095520 

4.7986U4 

0. 1485518 

0.0872760 

89300588 

4.0344302 

4.8781220 

4.7077633 

0.1828733 

0.7617726 

8  0874062 

4.6523002 

4. 8781218 

4.6162546 

L  1311054 

0.1860802 

80040402 

4.0344302 

4.6623002 

4.4654830 

8  500U87 

0.9812403 

8  0125604 

4.0467920 

4.8781220 

173  44 

2  41  47.754 

8  83  53.321 

10. 706 

47.832 

62.774 

.104 

.104 

.104 

m602 

47.728 

62.670 

20  208  410 

88  508416 

+  .  078 

-  .547 

• 

1  27  20 

37  48  42.473 

114  50  82.005 

47. 767 

42. 713 

82. 869 

.946 

.046 

.047 

48  811 

41. 767 

81.422 

40  548  860 

60  017. 944 

+  .240 
+  .274 

.  53  00 

75  23  23.090 

51  85  50.887' 

60.388 

22.760 

50.070 

1.373 

L372 

1.373 

40.015 

2L388 

40.507 

50  067.047 

40  548  850 

-  .330 

+  .103 

128  01 

21  27  la  604 

80  31  14.532 

2a  070 

10.265 

15.034 

.700 

.780 

.700 

27.280 

18  476 

14.244 

20  208  430 

40  548  841 

+  .671 
+  .502 

Bull lio  BDuyland  Heights . . . 

76  00 

33  33  50.888 

71  25  27.263 

37.681 

5a  980 

28925 

L105 

1. 195 

1. 196 

38  486 

67.785 

25.729 

29  208  430 

50  067.047 

-  .858 

-  .338 

Sugar X«oaf  to  liCaryland  Heights 

fiiiflrA.T  T.nAf  iio  Bnll  Hnn 

. 

1 

45  15  40.425 

76  11  68.138 

58  32  34.064 

+  .138 

-  .684 

-  .467 

40.563 

57.554 

33.507 

8.005 

3.004 

3.005 

38  658 

53.650 

20.692 

85  988  276 

75  538  430 

u'/wTn^.  Idarshall  to  Peach  Orove  ........................... 

BCouiit  Sfaryland  Heights 

BEaryland  Heights  to  Boll  Rnn .............  . . 

otinit  ttmhall  .  ........................................... 

41  01  17.218 

35  17  46.407 

103  41  01.614 

+  .680 
+  .257 
+  .560 

17. 807 

45.664 

02.183 

L885 

1.885 

1.884 

18  922 

43.770 

00.209 

44  918  804 

75  630.404 

^[aryland  Heights. 

Boll  Run  -  -  _ _ _ _ .................... 

Mount  Marshall  to  Bnll  Rnn  . . . . 

Mount  Marahall  to  Maryland  Heights . 

Bull  ftjiTi  to  Peach  Grove . 

Mount  Marshall. . . . . 

4  14  23.207 

171  09  07.681 

4  86  29.650 

-  .451 

+  .186 
+  .443' 

22.756 

07.867 

30. 102 

.242 

.241 

.242 

22.614 

07. 626 

•  29.860 

85  988  276 

44  918  804 

Bnll . . . . . . 

Peach  Grove  _ ..... _ ............... 

Monnt  MAratiall  to  Psach  Grove  . . 

Mount  Marshall  to  Boll  Ron . 

Maryland  Heights  to  Sugar  Lioaf . . . 

Mount  Marshall. . . . . - . . . 

18  25  47.940 

106  43  12.670 

54  51 

+  .866 

—  .082 

4a  806 

12.588 

03.070 

L788 

1. 788 

L788 

47. 018 

10.800 

02.182 

88  460.367 

75  530.430 

Maryland  H^'lghts . . . . . 

Sugar  . . . 

Monnt  Mmuhall  to  Sugar  Loaf . 

Mount  Marshall  to  Maryland  Heights . 
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Adjutied  primary  triangles  between  Kent  Island^  Md.,  Washington.,  D.  0.,  and  Atlanta,  Oa. — Continued. 


Karnes  of  stations. 

Observed  angles. 

Correc¬ 

tions. 

Spherical 

angles. 

Spherical 

excess. 

Plane  angles 
and  distances. 

Logarithms. 

Meter*. 

Tiflaf  to  Ornve . 

4.6079571 

Moniit  MarahaTI . 

26  49  52.485 

—  .728 

51. 757 

2.906 

48."851 

0.3454880 

Sugar  Loaf  . . . . 

73  10 

24.090 

2.906 

21. 103 

9.9800941 

Peaoli  Grove . 

70  59  52. 758 

-f  .104 

52.862 

2.906 

49.956 

9.9983477 

Monxit  Marshall  to  Peach  Grove . 

85  988.275 

4.9844892 

Mount  Marshall  to  Sugar  Loaf . . . 

. 

88  469.347 

4.9467928 

Sugar  Loaf  to  Boll  Ron . . . 

4.6995519 

Mount  Marsh^ . 

22  85  29.278 

—  .277 

29.001 

1.202 

27.70tf 

0.4154083 

Sugar  Loaf . . . .  . 

20  09 

33.711 

1.292 

32.419 

9.5373489 

Boll  Bon . 

137  14  61.452 

-  .288 

61. 164 

L292 

59.872 

a  8317426 

Monnt  MarahaTI  to  BoU  Ron . 

44  915.794 

4.6523991 

Mount  Marahall  to  Sugar  Loaf . 

88  469.347 

4.9467028 

Mount  Marahall  to  Bull  Run . 

4.6528902 

24  41  24.035 

— L249 

22.786 

L022 

2L764 

0.3701869 

Mount  Marshall . 

134  42  53.217 

— 

52.585 

L022 

5L568 

9.8516396 

Bull  Run . 

20  35  4a021 

—  .326 

47.695 

1.022 

46w673 

0.5462726 

Fork  to  Bull  Run . 

76  414. 491 

4. 8831757 

37  827.501 

4.5778087 

. 

4.6528992 

Clark . 

40  54  42.447 

+  .550 

42.907 

2.066 

40.931 

a  1888311 

Mount  Marshall . . 

86  33  27.193 

—  .319 

26L874 

2.065 

24.809 

a  0002153 

Bull  Run . 

52  31  56.183 

+  .143 

56.326 

2.066 

54.260 

9.8006512 

68  461.375 

4.8354456 

54  435.412 

4.7358815 

Fork  to  Roll  Ron . . . . 

4.8831757 

84  53  37.398 

—  .357 

37.041 

2.341 

34.700 

0. 0017275 

Ibrk . 

63  10  2L046 

+  .307 

2L853 

2.342 

19.  OU 

a9605425 

BuD  Run . 

31  56  08.162 

+  .469 

oa63i 

2.342 

06.289 

9.7284213 

(Hark  to  Boll  Rnn . 

68  46L390 

4.8354457 

(Hark  to  Fork . 

40  58L168 

4.6083245 

FiVk  to  Mount  Marahall . 

4.5778087 

Clark . 

43  58  54.951 

-  .907 

54.044 

L298 

52.746 

a  1583754 

87  51  45.081 

—  .942 

44.139 

L296 

42.841 

0.9996975 

Mount  Marshall . 

48  09  26.024 

—  .313 

j  25.711 

L208 

24.413 

9.8721405 

Clark  to  Mount  Marahall . 

54  435. 425 

4.7358816 

Clark  to  Fork . . 

. 

40  58L178 

4.6083246 

Mount  Marshall  to  Clark . . 

4.7858815 

Peters . 

44  26 

43.717 

1.387 

42.330 

a  1547621 

Mount  Marshall . 

24  30  02.461 

+  .221 

02.682 

L387 

0L295 

9. 6177339 

111  03  18.128 

—  .367 

17.761 

L886 

16.375 

0.9699028 

Peters  to  Clark . . . 

32  23a  680 

4.5088766 

Peters  to  Mount  Marshall . 

72  549.833 

4.8606864 

Fork  to  Mount  Marshall . 

4.6778087 

Peters . 

21  49 

29.656 

.982 

2a  724 

a  4207289 

134  31  10.900 

—  .788 

10. 112 

.938 

09.179 

0.8530989 

Mount  Marshall .  . 

23  39  23.563 

-  .534 

23.029 

.932 

22.007 

a0084116 

Peters  to  Mount  Marahall . . . . 

72  54a  850 

4.8606865 

Peters  to  Fork . . 

40  827.151 

4.6109401 

Fork  (Tlark . . . . . . 

4.6088245 

Peters . 

66  16 

ia371 

L020 

12.351 

0.0383641 

R*k . 

46  39  25.819 

-f  .154 

25.073 

L020 

^953 

a  8616880 

Clark . 

67  04  23.177 

+  .839 

23.716 

1.020  1 

22.696 

a0642604 

Peters  to  Clark . 

32  28a  680 

4.5088766 

Peters  to  Fork . 

40  827.142 

4.61(10490 
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Adjusted  primary  triangles  between  Kent  Island,  Md.,  Washington,  D.  0.,  and  Atlanta,  Oa. — Continued. 


Names  of  stations. 

Observed  angles. 

Correc¬ 

tions. 

Spherical 

angles. 

Spherical 

excess. 

Plane  angles 
and  distances. 

Logarithms. 

Fork  to  Clark . 

1  O  #  // 

// 

Meteri. 

4.6083245 

0. 4269747 

1  9. 9927976 

9. 9910926 

a  0280908 

5. 0263918 

4.6088245 

1  a  3425U0 
9.9949802 

9.9094680 

4. 9458157 

4.8603035 

4.8608035 

0. 2741452 

9.8919430 

9.  5148300 

5.0263917 

4.6492787 

4.8603035 

0.0009414 

9.7497042 

9.8967542 

4.6109491 

4.7579901 

4.9458157 

0.4668222 

9.0957385 

9. 3453611 

4.5083764 

4.7579900 

4.9458157 

0. 0914523 

9.9908287 

9. 6120107 

5.0280967 

4.6492787 

5.0280967 

0.5544424 

9. 2945144 

a9258372 

4.8770535 

4.5083763 

a  0263917 

0.1152865 

9.4692708 

0.7358754 

4. 6109490 

4.8770536 

4.6492787 

0.2291503 

9.87956U 

0.9986156 

4. 7579991 

4.8770536 

Spear  . . 

21  58  17.797 

79  35  40.852 

78  26  10.172 

+  .318 
+  L219 
+  .415 

la  115 

42.071 

10.587 

a  591 

3.591 

a  591 

// 

14.524 

38.480 

0a906 

106  683.39 

106  265.38 

Fork . . . . 

Clark . 

Spear  to  Clark . . . 

Spear  to  Fork . . . 

Fork  to  Clark . 

• 

27  01  4a  987 

98  41  42.476 

54  16  82.805 

i . 

1  -f  .566 
-f  .558 
-f  1.994 

49.553 

43.034 

34.799 

2.462 

a  462 

a462 

47.091 

40.572 

3a  337 

88  270. 531 

72  494. 233 

Fork . 

Clark . 

Humpback  to  Clark . 

Humpback  to  Fork . 

Humpback  to  Fork . 

32  08  IL  606 

128  45  53.652 

19  05  6L624 

+  .037 
+  .144 

—  .661 

11.643 

53.796 

60.963 

a  134 

a  134 

a  134 

09.509 

5L662 

5a  829 

106  265.35 

44  594.235 

Fork . 

Spear  to  Fork . 

Spear  to  Humpback . 

Humpback  to  Fork . . . 

93  46 

34  11  29. 823 

52  02  ia657 

ia065 

80.801 

17.061 

L975 

L976 

1. 976 

iao9o 

2a  825 

15.085 

40  827. 151 

57  279. 487 

+  .978 
-t-  .404 

Fork  . . 

Peters  to  Fork . . . 

Peters  to  Humpback . 

Humpback  to  Clark . . . 

1 

P«t«T« _ _ _ _ _ 

160  02 

7  09 ‘40. 836 
12  47  60.372 

3L  435 

41. 249 

4a  917 

0.533 

0.534 

0.534 

30.902 

40.715 

4a  383 

32  23a  615 

57  279.474 

.  . . 1 

Hnmphack _ _ _ _ _ _ _ _ _  . 

-f  .413 

— L455 

Clark . . . . . 

Peters  to  Clark . . . 

Peters  to  Humpback . 

Humpback  to  Clark . . . 

Spear . . . . . 

54  06  29.403 

101  44  04.665 

24  09  37.867 

-f  .356 

—  .422 

— L580 

29.759 

04.243 

35.787 

3.263 

3.263 

3.263 

2a  496 

00.980 

32.524 

106  683. 37 

44  594.235 

Humpback . . . . . ' 

Clark . 

Spear  to  Clark . 

Spear  to  Humpback . 

Clark  to  Spear . . 

Peters . 

163  48 

11  21  46.995 

4  50  09.314 

, 

oa  103 

46.871 

09.747 

0.573 

0.574 

0.574 

04.530 

4a  297 

09.173 

75  344.842 

32  23a  607 

Clark . 

-  .124 

+  .433 

Sjtear . . . 

Peters  to  Spear . . . 

Peters  to  Clark . 

Spear  to  Fork . . . 

Peters . . 

129  55 

17  OS  08.483 

32  56  ia033 

41.526 

0a368 

16.098 

1.998 

L997 

L997 

39.528 

oasTi 

14.101 

40  827. 142 

75  344.860 

Spear . . . . . 

-  .115 

+1.066 

Fork . 

Peters  to  Fork . 

Peters  to  Sx>ear . . . 

Spear  to  Humpback . 

Peters . 

36  09 

49  16  20.089 

94  34  2a829 

2a  461 

20.012 

22.994 

a  156 

a  156 

ai55 

2L305 

17.856 

20.839 

57  279.487 

75  344.860 

Spear . 

—  .077 

—  .835 

Hnmpback . . . 

Peters  to  Humpback . 

Peters  to  Spear . 
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Adjusted  primary  triangles  between  Kent  Island,  Md.,  Washington,  B.  C.,  and  Atlanta,  Qa. — Continued. 


IfamM  of  stations. 

Obaerved  angles. 

Con:ec- 

tions. 

Spherical 

angles. 

Spherical 

excess. 

Plane  angles 
and  distances. 

Logarithms. 

Humpback  to  Spear . 

O  /  // 

ti 

II 

" 

Metert. 

4.6492787 

Tobacco  Row . 

59  27  05.418 

-1.124 

04.294 

L369 

02."925 

0.0648995 

Hmnpbaok . 

46  51  42.988 

-1.143 

4L845 

L369 

40.476 

9. 8631442 

Spear  . 

73  41  19.078 

-1. 109 

17.969 

L370 

16.599 

9.9821564 

Tobacco  Row  to  Spear . . . 

37  785. 261 

4.5773224 

Tobacco  Bow  to  Humpback . 

49  697.506 

4.6963346 

Humpback  to  Spear . 

4.6402787 

30  47  97.987 

-1.490 

56.497 

L347 

55.150 

0.2907108 

Humpback . * . 

28  27  3L  934 

+  .395 

32.329 

L346 

30.983 

9.6780845 

Spear  . 

120  44  36.003 

—  .789 

35.214 

L347 

33.867 

9. 9342313 

Long  to  Spear . 

41  502. 476 

4. 6180740 

Long  to  Humpback .  . 

74  855.000 

4. 8742208 

HnmpbsMsk  to  Long . 

4.8742208 

Tobacco  Row . 

132  04  14.011 

—  .975 

13.036 

.995 

12. 041 

0. 1294050 

Humpback . 

18  24  11.054 

— L538 

09.516 

.994 

08.522 

9.4992584 

29  31  39.546 

+  .885 

40.431 

.994 

39.437 

0.6927087 

Tobacco  Row  to  Long . 

31  833.485 

4.5028842 

Tobacco  Row  to  Humpback . 

49  697.494 

4.6963345 

Tobacco  Row  to  Spear . 

4.5773224 

60  19  37.533 

-  .605 

36.928 

.972 

35. 956 

0. 0610493 

Tobacco  Row . 

72  37  0a593 

+  .160 

08.743 

.972 

07. 771 

9. 9797024 

Spear . . . 

47  03  16.925 

+  .320 

17.245 

.972 

16.273 

0.8645125 

Long  to  Spear . 

41  502.486 

4. 6180741 

Long  to  Tobacco  Row . 

31  833.485 

4.5028842 

Spear  to  Long . 

. 

.  4.6180740 

Hat  Top . — 

31  44  5L536 

—  .040 

51.496 

1.555 

49.941 

0. 2788719 

Spear  . 

b7  00  48.990 

-  .368 

!  48.622 

L555 

47.067 

9.7795945 

111  14  25.041 

-  .493 

24.548 

L556 

22.992 

0.9694498 

Flat  Top  to  Long . 

47  483.242 

4.6765404 

Flat  Top  to  Spear . 

73  518. 339 

4. 8663957 

Tobacco  Row  to  Long . 

■T . . 

4.5028842 

Flat  Top . 

42  01  51.794 

+  .126 

5L920 

.993 

50.927 

0. 1742298 

Tobacco  Row . 

87  03  22. 607 

+  .833 

23.440 

.994 

22.446 

9.9094266 

Long  . . . 

50  54  47. 508 

+  .112 

47.620 

.993 

46.627 

9.8899674 

Flat  Top  to  Long . 

47  483. 264 

4. 6765406 

Flat  Top  to  Tobacco  Row . 

36  904.678 

4. 6670814 

Tobacco  Row  to  Spear . 

4.5773224 

Flat  Top . 

10  17  00. 258 

+  .166 

00.424 

.410 

00. 014 

.  0. 7483226 

Tobacco  Row . 

159  40  31.200 

-t  .983 

32.183 

.410 

8L  773 

9.5407508 

Spear . . . 

10  02  27.935 

+  .688 

28.623 

.410 

28  213 

9.2414363 

Flat  Top  to  Spear . 

73  5ia  356 

4.8663958 

Flat  Top  to  Tobacco  Bow . 

36  904.669 

4.5670813 

Spear  to  Long . . . 

% 

4.6180740 

4  48  1L728 

—  .248 

11.480 

.348 

U.132 

1. 0771105 

Spear . 

6  04  57.749 

—  .210 

57.539 

.349 

57. 190 

0. 0251472 

169  06  53.169 

-L142 

52.027 

.349 

51.678 

9. 2761156 

Smith  to  Long . 

52  520. 843 

4.7203317 

Smith  to  Spear . . 

93  605.234 

4. 9713001 

Tobacco  Bow  to  Spear . 

. .... 

4.5773224 

Smith . 

20  50  35.048 

-  .369 

34. 679 

1.963 

32.716 

0.4487953 

Tobacco  Row . 

118  U  11.341 

+  .165 

11.506 

1.964 

09.542 

9. 9451824 

^ear . - . 

40  58  19.176 

+  .530 

19.706 

1.964 

17. 742 

9. 8166951 

Smith  to  Spear . 

93  605.234 

4. 9713001 

Smith  to  Tobacco  Bow . . . 

69  632.629 

4.8428128 
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BBPOET  OF  THE  SUPERmTENDBUT  OP  THE 


Adjxuted  primary  triangka  between  Kent  Island,  Md.,  Washington,  D.  and  Atlanta,  Oa. — Continned. 


Names  of  stations. 

Observed  angles. 

Correc¬ 

tions. 

Spherical 

angles. 

Spherical 

excess. 

Plane  angles 
and  distances. 

Logarithms. 

o 

/ 

// 

// 

// 

// 

Meterg. 

4.5028842 

Smith . j 

25 

38 

46.776 

—  .617 

4a  159 

L840 

// 

44.819 

a  8637065 

45 

34 

02.748 

-f  .016 

02.764 

L840 

01.424 

a  8587410 

108 

47 

15.636 

-  .538 

ia098 

L841 

18. 757 

a  9762222 

52  520.848 

4.7208817 

60  682.645 

4.8428120 

Flat  Top  to  Spear . . . . . . . 

4.8668068 

51 

03 

16. 151 

-  .428 

15.723 

a995 

12.728 

0. 1091601 

Flat  Top . . . . . 

08 

01 

02.127 

+  .053 

02.180 

2.996 

50.184 

0.9967352 

Spear . - . 

80 

55 

5L241 

-  .158 

51.083 

2.995 

4a  088 

9.7100554 

98  60a234 

4.9713001 

48  587.023 

4.6806203 

4.5670814 

30 

12 

4L 103 

—  .050 

4L044 

L441 

89.608 

a  2982715 

Flat  Top .  . . . 

108 

18 

02.385 

+  .210 

02.604 

1.442 

0L162 

9.9774601 

Tobacco  fiow . . . . . 

41 

29 

10.859 

+  .817 

20.676 

1.441 

19.235 

9. 8211676 

60  682.661 

48  587.045 

4.8428130 

4.6865305 

Flat  Top  to  Long . . . 

4.6765405 

55 

51 

27.879 

—  .676 

27.203 

L788 

2a  415 

a  0821586 

Flat  Top . 

66 

16 

10.501 

+  .008 

10.684 

1.789 

0a895 

0.9616327 

Long . . . 

57 

52 

2a  128 

—  .650 

27.478 

L788 

2a  690 

a  0278213 

52  52a  855 

48  587.084 

4  7208018 

Rmlth  tA  Flat  Top . . . 

4.6865204 

Flat  Top  to  Long . . . 

4.6765405 

Cahas . . . . . . . 

30 

45 

10.203 

-f  .726 

10.029 

L960 

oaoeo 

a  2012963 

Flat  Top . . . 

114 

08 

02.461 

•f  .482 

02.948 

L960 

0a983 

0.9602770 

Long . . . 

85 

06 

51.702 

-f  .306 

52.008 

L900 

5a048 

9. 7508217 

Cahas  to  Long . . . . . 

84  74a  510 

4  9281107 

CAhBA  to  Flat  Top . . . 

53  414.667 

'  4  7276605 

Long  to  Smith . . . . . . . 

4. 7203317 

Cahas  . 

29 

13 

42  545 

— L  015 

4L580 

L458 

4a  072 

0.3118283 

22 

45 

8a  426 

~  .956 

85.470 

L458 

34.012 

9.5875572 

Smith . 

128 

00 

47. 718 

-  .344 

47.874 

1.458 

4a  916 

9.8964506 

Cahas  to  Smith . . . 

41  61L865 

4  6192172 

Cahas  to  Long . . . 

84  74a  490 

4  0281166 

Flat  Top  to  Smith . . 

46865205 

Cahas . . . . . 

59 

58 

52.748 

—  .289 

5^450 

1.630 

5a  829 

a0625635 

Flat  Top . 

47 

51 

5L870 

+  .889 

52.250 

L629 

5a  630 

9. 8701435 

Smith . - . . . . . 

72 

09 

•19.830 

+  .332 

20.171 

L680 

la  541 

9.9785867 

r!AhaM  Smith  _ _  _  _ _ 

41  61L804 

4  6192175 

r^ahaM  trk  FliLt  Tot*  _  _ 

53  414. 601 

4  7276607 

mat  nTrtTi  tA  TnhoAon  Fow  _ _ 

4  5670814 

Cahas  -  _  _ T _ _ _ _ 

9 

42 

30.653 

—  .694 

29.959 

.674 

2a  285 

0.7730600 

Flat  Top . . . 

156 

09 

54.255 

+  .608 

54.863 

.675 

54.188 

9.6064034 

Tobacco  Row . . . . . 

14 

07 

85.384 

+L817 

37. 201 

.674 

3a  527 

a  3875128 

Cahas  to  Tohsooo  Roar  _ _ _ _ _ _ 

88  43a  867 

4.0466407 

Caliaa  trt  Flat  Tat»  _ _ _ _ 

53  414.670 

4  7276606 

'Pnha/'AA  Rav  tA  TAfior  _  _  _ 

4  5028842 

Cahas  -  _  _ _ _ _ _ _ 

21 

02 

39.550 

-fl.  421 
—  .985 

40.071 

2.278 

8a603 

0.4448014 

Tobacco  Row  .  .  _ _ _ _ _ .................. 

72 

55 

47.223 

4a  238 

2.279 

4a  959 

a98043U 

86 

01 

39.210 

+  .417 

39.627 

2.279 

37.348 

0.9989551 

Cahoa  tA  Tonir  _ _ _ 

84  74a  510 

4  028U67 

Cahas  to  Tobaooo  Bow . 

88  48a  867 

40466407 

Digitized  by  i^ooQle 


tWITBD  STATBS  COAST  AlSl)  GEODETIC  8UEVEY 


103 


Adjusted  primary  triangles  between  Kent  Island,  Md.,  Washington,  D.  0.,  and  Atlanta,  Ga. — Continued. 


Kftmes  of  stations. 

Observed  angles. 

Correc¬ 

tions. 

Spherical 

angles. 

Spherical 

excess. 

Plane  angles 
and  distances. 

Logarithms. 

MeUri. 

Tobacco  How  to  Smith . . . . . . 

4. 8428129 

Cabas . 

50  16  22.095 

+  .405 

22.500 

2.396 

20l'l04 

0. 1140228 

Tobacco  Bow . ; . 

27  21  44.475 

-1. 001 

43.474 

2.396 

41.078 

9.6628817 

Smttb . . . . 

102  21  60.942 

+  .273 

61. 215 

2.397 

5a  818 

9.9898049 

41  611.885 

4. 6102174 

Cabas  to  Tobacco  Bow . . . . 

88  43a  347 

4.9466406 

flat  Top  to  Smith . . . . . 

4.6865205 

BnfEblo . . . . . . . 

25  52  26.119 

-f  .763 

26.882 

3.376 

2a  506 

0. 3601344 

Flat  Top . 

49  35  42.668 

+  .153 

42.821 

3.377 

39.444 

9.8816549 

Smitfi . . . . . . 

104  31  60.325 

-f  .102 

60.427 

3.377 

57.050 

9. 9858778 

84  78a  196 

4.9283098 

to  'T'np . . . . 

107  77a  64 

10325327 

Flat  Top  to  r!ahA« . . . . . . 

4.7276606 

. . . . . . . 

1  41  55.864 

-f  .445 

56.309 

.147 

5a  162 

L  5280098 

Flat  Top . . 

1  43  50.798 

-  .236 

50.562 

.147 

50.415 

14800256 

Cabas . 

176  34  13.176 

-f  .395 

13.  571 

.148 

13.428 

17768621 

54  4ia  187 

4  7356962 

107  77a  59 

1 

4.6192174 

Boifido . 

24  10  30.255 

-f  .318 

30.573 

1.599 

2a  974 

0.3877244 

Cabas . 

123  26  54.076 

-  .107 

53.969 

L600 

62.369 

9. 9213678 

Smitb . 

32  22  40.486 

—  .229 

40.257 

1.600 

3a  667 

9.7287544 

84  783. 157 

4.9283096 

. 

54  412.187 

4.7356062 

Flat  top  to  Sn'Hb _ _ _ 

4. 6865205 

Hoore . 

15  03  54.850 

—  .182 

64. 718 

2.733 

51.985 

0.5851850 

Flat  Top . . 

80  05  11.734 

+  .201 

1L935 

2.734 

09.201 

9.7000957 

&Blth . 

134  50  6L869 

—  .321 

0L548 

2.734 

58.814 

9. 8506215 

Ifooro  to  Smitb . . . . - . 

93  713.298 

4. 9718012 

If poro  to  FlAt  Top . . .... - _ - . . . 

182  533.90 

1 1223270 

Cabas  to  Sipltb . . _ _ _ _ ...... 

4. 6192174 

Moors . . . 

26  21  32.836 

-2.283 

30.553 

2.984 

27.619 

0. 3526431 

Cabas . 

90  56  57.568 

—  .696 

56.872 

2.934 

51938 

9.9999405 

Smitb . 

62  41  42.030 

—  .653 

4L377 

2.934 

3a443 

9. 9486913 

Mpora  to  Smith _ _ _ ...... 

93  713. 255 

4. 9718010 

Mopro  to  Cahaa _ _ _ _ _ 

83  282.132 

4.9205518 

to  Flat  Top . . . . . . . 

4.7276606 

Moore . 

11  17  37.986 

-2. 151 

35.835 

1.830 

34.005 

0. 7081373 

Cabas . 

1  150  55  50.316 

-  .984 

49.332 

1.  $31 

47. 501 

9.6865290 

Flat  Top .  . 

17  46  40.136 

+  .188 

40.324 

L830 

3a  494 

9.4847589 

Moore  to  Flat  Top  . . . . 

. . 

132  53187 

5. 1223269 

Mocme  to  Cabas  . . . . . 

83  282.132 

4.9205518 

Bnfialo  to  Flat  Top.......... . . . 

10325326 

Moore . 

49  18  52.764 

-  .  313 

52.451 

4. 040 

41411 

0. 1201662 

BnffldO  r  _ _ - . - . . rr  - 

111  10  48.188 

.594 

48.782 

4.040 

44. 742 

9.9696282 

Flat  Top . 

19  30  30.934 

-  .048 

80.886 

4.039 

21847 

9.5236549 

Moot^e  to  Flat  Top  _ _ _ 

132  531  90 

1 1223270 

Moore  to  BnfitJo  . . . . . . 

47  462.887 

4. 6763537 

Bafblo  to  Cabas  . . 

4.73569^ 

Moore . 

88  01  14.778 

-f  1.838 

16.616 

2.062 

14.554 

0. 2104572 

BnflUp  . 

109  28  52.324 

-f  .149 

52. 473 

2.062 

50.411 

9.9743984 

Cabas . 

32  29  56.508 

-f  .688 

57.096 

2.061 

51035 

9.7302001 

Moore  to  Cabas  . . . . 

83  282. 132 

4.9205518 

Moore  to  BuflEblo  . . . . 

47  462.815 

4.6768535 
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REPORT  OF  THE  SEPERINTERDENT  OF  THE 


Adjusted  primary  triangles  between  Kent  Island^  Md.,  Washington,  D.  C.,  and  Atlanta,  Oa. — Continued. 


Names  of  stations. 

Observed  angles. 

1  Correc- 
1  tions. 

j 

Spherical 

angles. 

Spherical 

excess. 

Plane  angles 
and  distances. 

Logarithms. 

O  /  tl 

// 

// 

Metert. 

4.9283097 

0.0449510 

9.9985404 

9.7030929 

4. 9718011 

4.6763536 

6.0182543 

0. 0014726 

9.6616268 

a9282993 

4.6763537 

4.9430262 

4.9049408 

0.8142064 

9.8544900 

9.4572066 

5.0736372 

4.6763538 

4.7586426 

0. 3150158 

9.9396950 

9.9999788 

a  0132543 

6l  0736372 

.  4.7586426 

0.1954348 

9.9889489 

9.9508634 

4.9430263 

4.9048408 

4.9255300 

0.0536974 

9.9945154 

9. 7794160 

4.9737428 

4.7586424 

4.8461656 

0.1266085 

9.7858687 

9.9989333 

4.7586428 

4. 9717074 

4.7051366 

0. 2689414 

9. 9976292 

9. 9514520 

4. 9717072 

4.9255300 

4. 7051366 

0.2767423 

9.8642867 

9.9918641 

4.8461656 

1  4.9737430 

64  22  47.614 

85  IS  22.069 

30  18  61. 544 

-  .445 

~  .170 

—  .423 

47. 169 

21.899 

61. 121 

3.396 

a397 

3.396 

4a'773 

ia502 

57.725 

93  7ia277 

47  46a  826 

. 

04  42  60.412 

27  18  39.430 

57  58  31.501 

—  .  594 

—  .161 

—  .047 

59. 818 

39.269 

31.454 

a  514 

a  513 

3.514 

56.304 

35.756 

27.940 

47  46a  887 

87  70^367 

29  00  61.421 

134  19  57. 585 

16  39  08. 829 

—  .561 

-  .188 

~  .156 

60.860 

57.897 

oa  673 

a  310 

a  810 

a  310 

. 

5a550 

55.087 

06.368 

118  477. 87 

47  46a848 

Buffalo  . . . . 

28  57  30.080 

60  28  40.046 

90  33  63.757 

+  .  513 
+  .341 
+  .289 

30.593 

40.387 

64.046 

5.008 

5.009 

5.009 

25.585 

35.378 

59.037 

103  09a  96 

118  477. 87 

Xotmflc . - . 

Xonng  to  Poore _ _ _ ... 

Moore. . . . . . . . . 

39  36  57.173 

77  07  48.875 

63  15  24.327 

+  .407 
+  .184 
+  .450 

57.580 

49. 059 

24.777 

a  805 

3.806 

a  805 

53.775 

45.253 

20.972 

87  705.388 

80  34L667 

XotlTlg _ _ _ _ _ 

Poore  . . . . . 

MoO'^e  to  Poore . . . . . 

Moore  to  Xoimg . . . . 

1 

Xonrig  to  "King . . . . . . . . 

. 

Poore  . . . . . 

62  05  32.977 

80  54  51.033 

36  59  44.856 

-f-  .  096 
+1. 166 
+1.  998 

33.073 

52.199 

46.854 

4.042 

4.042 

4.042 

29.031 

48.157 

4a  812 

94  133.196 

57  364.895 

Young  .  r<i-  _ _ _ _ _ _ 

Kinff . 

. . 

TCing  _ _ _ _ 

Poore  to  XotiTig _ _ ...... ..... . . . 

Berni  to  Poore. _ .......... _ 

Young . . . 

48  20  34.865 

37  38  44.178 

94  00  54.057 

-  .893 

-1.365 

-  .139 

83.472 

42. 813 

53.918 

3.401 

a  401 

3.401 

30.071 

39.412 

50. 517 

57  364.447 

93  69a  064 

Poore _ _ _ _ _ _ _ 

Yonng  to  Poore  . . . . . . 

Yonng  to  Bonn . . . 

"King  to  Benn _ _ _ ....... _ _ _ 

Yonng . . . . . 

32  34  16.668 

84  01  09.511 

63  24  39.767 

+2.059 

+1.411 

+1.382 

ia727 

10.922 

41. 149 

3.599 

aooo 

3.599 

iai28 

07.322 

37.560 

93  693.021 

84  24a  255 

Yonog  to  Benn _ _ _ _ _ _ _ _ _ 

Yonng  to  King  . . . . 

King  to  Benn. . . . . 

Poore . . . 

31  55  21.080 

47  01  24.655 

101  03  23.945 

i  -.235 
-  .587 

+  .017 

20.845 

24.068 

23.962 

a  958 

a958 

a959 

17.887 

21. 110 

21.003 

70  17a  279 

94  13a  238 

Poore  to  Benn . . . . . 

Poore  to  King . 

Digitized  by  i^ooQle 


tnriTED  STATES  COAST  AND  GEODETIC  SUEVEY, 


105 


Adjusted  primary  triangles  between  Kent  Island^  Md.j  Washington^  D.  0.,  and  Atlanta^  Ga, — Contiuued. 


Names  of  statioiia. 

Observed  angles.  | 

1 

Correc¬ 

tions. 

1 

Spherical 

angles. 

1 

Spherical 

1  excess. 

1 

Plano  angles 
and  distances. 

1 

1  Logarithms. 

King  to  Hogback . 

o 

/ 

// 

#/ 

1 

Meteri. 

4. 9502319 

Benn . . . 

91 

23 

09.603 

1  —  .799 

oa  804 

1  3.098 

. 

05^706 

0.  0001269 

King . 

Hogback . 

1  53 

34 

57 

39 

67.763 

03. 177 

1  -  .398 
—  .  052 

57. 365 

1  oai25 

3.098 

3.098 

54.267 

00.027 

9.  9077652 

9.  7547778 

72  131.333 

4.  8581240 

50  715. 023 

4.  7051366 

a  0189141 

Benn . . . 

83 

29 

09.952 

+  .474 

10.426 

4. 151 

0a275 

0. 0028136 

King . : . . 

67 

40 

23.558 

H-1.  738 

—1.337 

25.296 

4. 151 

21. 145 

0.9661548 

28 

50 

38.067 

36.730 

4.150 

32.580 

9.  6834080 

1 . 

97  24a  409 

4.  0878825 

50  715.  023 

4. 7051366 

4. 8002103 

59 

06 

35.492 

+  .374 

35.866 

2.646 

33.220 

0.  0664380 

77 

18 

24.660 

—  .430 

24.230 

2.646 

21.584 

0.  9802529 

43 

35 

05.918 

-f  1.923 

07.841 

2.645 

05. 196 

9.8384882 

71  763.100 

4. 8550012 

50  715.  012 

4.  7051365 

4.  6386551 

King . 

1 

1  ^ 

37 

61. 102 

—2. 168 

5a  034 

.934 

5a  000 

0.  7764189 

1  156 

19 

09.654 

—  .054 

09.600 

.935 

0a665 

9.  6038401 

pAriii  . 

14 

02 

53.813 

1 

-f  .458 

54.270 

.935 

53.335 

9.  3851363 

104  451.  370 

5. 0189141 

63  12^290 

4. 8002103 

4. 6020106 

23 

20 

26.897 

—  .031 

26.866 

1.889 

24.  977 

0. 4020954 

117 

57 

19.445 

—  .282 

19. 163  1 

1.890 

17.273 

9.  0461170 

Hogback  . . . 

38 

42 

19.716 

! 

—  .077 

19.639 

L880 

17.  750 

9.7960953 

yirtjg  !Hogback  ••  r - _ 

89  172.  714 

63  126.290 

4.9502320 

W offoFd  ...--TT _ _ _ 

. ! 

4.  8002103 

Paris  to  Hogback  . . . 

4. 4415437 

13 

42 

. 

25.795 

+2. 137 

—  .174 

27. 932 

1.869 

26.063 

0.6253233 

49 

51 

40.038 

39.864 

1.870 

37.904 

9.8833648 

Hogback  .  . . . . . . . 

116 

25 

57.652 

-f  .161 

57.  813 

1.870 

. 

55.943 

9. 0520470 

irfn<F  tA  TTncrVutoIr  _ _ _ _ ... _ _ _ _ _ _ 

89  172.674 

4.  9502318 

Xklll^  WiF  XiV|^  ,»»»#•••••••••••••••••••••••••■•••••••••••• 

irinir  fA 'Paria  .  _ _ _ .... _ ... _ _ _ _ 

. 

104  451. 35 

5.  0189140 

Paris  to  Hogbar.k _ _ _ _ _ _ 

4. 4415437 

7 

53 

59.651 

—1.273 

58.378 

.816 

57.562 

0.  8619095 

Paris  . 

21 

01 

OL  971 

+1. 163 

1  03.134 

.817 

02. 817 

9.  5546708 

Hogback  . . . . . . . . 

151 

05 

00.829 

+  .109 

00.938 

.817 

00.121 

9.  6844292 

Bonn  to  Hogback  _  _ _ _ _ ...................... 

72  131.  333 

4.  8581240 

Tbynti  to  Paris _ _ - _ _ _ .... _ _ 

97  248.386 

4. 9878824 

^^offord  to  Hogback _ _ _ _ _ _ _ _ 

4.0020196 

32 

16 

34.111 

—1. 172 

32.  939 

2.341 

30.598 

0.  2724702 

W^oflbrd  .  _ _ _ _ .................... _ 

74 

22 

13.527  1 

—2. 205 

1  11.322 

2.342 

0a980 

0.  9a36343 

Hogback  . . . . . . . . 

73 

21 

22.893 

—  .129 

1  22.764 

2.342 

20.422 

9.  9814114 

Benn  to  Hogback  ..  . . . . 

72  131.350 

4.  8581241 

Bonn  to  _ _ ....... _ ... _ .... 

71  763. 100 

4.  8559012 

Wofford  to  Paris . . . 

4.  6386551 

Benn . 

24 

22 

34.460 

+  .101 

34.  561 

2.440 

32.121 

0. 3843483 

'Wofford  . . . 

112 

43 

63.736 

— 1.  977 

61. 759 

2.440 

59.319 

9.9648791 

Paris . 

42 

53 

31.879 

-  .879 

31.000 

2.440 

2a  560 

9.8328978 

Bmiii to  Paris _ _ _ _ - _ - _ _ 

97  248. 409 

4. 9878825 

Benn  to  Wofford . 

. 

71  763. 100 

4.8559012 

S.  Ex.  13—14 
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Adjusted  primary  triangles  between  Kent  Island,  Md.,  Washington,  D.  0.,  and  Atlanta,  Qa. — Oontina^. 


l^ames  of  st-ations. 

1 

9 

•s 

I 

O 

Correo- 

Spherical 

Spherical 

Plane  angles 

tions. 

an^es. 

excess. 

and  distances. 

MeUrt. 

Paris  to  Hogback . 

Wofford . 

38  21  50.209 

+  .228 

60.437 

.915 

49!'522 

Paris . 

63  54  33.850 

+  .284 

84.134 

.915 

33.219 

Hogback . 

77  43  37.936 

+  .238 

38.174 

.915 

37.259 

Wofford  to  Hogback . 

39  996.269 

Wofford  to  Paris . 

43  516.606 

Pinnacle  to  Hogback . 

Wolford . 

29  17  49.925 

+1. 518 

51. 443 

L228 

50.215 

Pinnacle . 

26  31  37.257 

+  .250 

37.507 

L228 

36.279 

Hogback  . 

124  10  33.040 

+L686 

34.735 

1.229 

83.506 

Wofford  to  Hogback . 

89  996.278 

Wofford  to  Pinnacle . 

74  089. 610 

Paris  to  Pinnacle . 

Wofford . 

9  03  60.284 

-1. 291 

58.993 

.430 

58.568 

Paris . 

158  30  2L824 

+  .383 

22.207 

.431 

2L  776 

Pinnacle . 

19  25  39.196 

+  .895 

40.091 

.430 

39.661 

Wofford  to  Pinnacle . 

74  089. 610 

Wofford  to  Paris . 

43  516. 616 

Paris  to  Manldin . 

Hogback . . 

15  44  50.325 

+  .140 

50.465 

.316 

50.149 

Paris . 

146  19  47.041 

+  .774 

47. 815 

.317 

47.498 

Manldin . 

17  55  20.856 

+L813 

22.669 

.316 

22.353 

Hogback  to  Manldin . 

49  796.184 

27  640.848 

Paris  to  Pinnacle . 

Hogback  . 

46  26  55.104 

+1.457 

56.561 

.744 

-  65. 817 

Paris . 

94  85  47.974 

+  .098 

48.072 

.744 

47.328 

Pinnacle . 

38  57  16.453 

+1. 145 

17. 598 

.743 

16.855 

Hogback  to  Pinnacle . 

48  822.546 

Hogback  to  Paris . ^ . 

27  640.373 

Manldin  to  Pinnacle . 

Hogback . . . 

30  42  04.779 

+1. 317 

06.096 

.944 

05.152 

Manldin . . . 

61  33  51.967 

-  .620 

5L347 

.944 

60.403 

Pinnacle . . . 

87  44  04.470 

+  .919 

05.389 

.944 

04.445 

Hogback  to  Pinnacle . - . . 

43  822.525 

Hogback  to  Manldin . 

49  796.207 

Manldin  to  Pinnacle . 

Paris . 

51  43  59.067 

+  .676 

59.743 

.617 

59.226 

Manldin . 

79  29  12.823 

+1. 193 

14. 016 

.517 

18.499 

Pinnacle . 

48  46  4&017 

-  .226 

47. 791 

.516 

47.275 

Pariii  to  Pinnar.1^  . . . . . . . . 

31  863.265 

Paris  to  Manldin . . 

24  376. 179 

Manldin  t<o  Rahnn  .r .  . . . . 

Paris . 

35  04  Oa  490 

+1.075 

09.565 

.964 

08.601 

Manldin . 

132  03  13.761 

+1.894 

15.655 

.964 

14. 691 

Kabnn . 

12  52  36.622 

+L049 

87.671 

.963 

36.708 

Paris ti>  . . . 

81  216. 491 

Paris  to  Manldin  ---  . - . . 

24  876.168 

Manldin  to  Cnrrahee . 

5  50  41.363 

—  .192 

4L 171 

.209 

40.962 

Manldin . 

172  15  55.873 

+1. 103 

56.976 

.210 

56.766 

Cnrrahee . 

1  53  22.197 

+  .284 

22.481 

.209 

22.272 

Paris  to  Cnrrahee . 

99  492.395 

Paris  to  Manldin . 

24  876.162 

Logarithms. 


i.  4415437 

a  2071519 
9.9583239 
9.9899594 
4.0020195 
4.6386560 

4.6416975 
0.3108888 
9.6499388 
a  9176715 
4.6020196 
A.9IKnbn 

4.5032904 

0.8025080 

9.5639580 

9.8328567 

4.899757Z 

4.6386551 

4.8869655 
0.5663990 
9. 7438316 
9.4881790 
4.6071961 
4.4415435 

4.5082904 
a  1398062 
a  9986010 
9.7984473 
4.6416076 
4.4415439 

4.4055863 
0.2919495 
a  9441616 
9.9996605 
4. 6416974 
4.6971963 

4.4055868 
0.1050560 
a0926480 
a  8763233 
4.5032003 
4.3809656 

4.7982781 

0.2406621 

9.8707040 

9.3480252 

4.9006442 

4.8869654 

4. 8767021 
0.9921130 
a  1289748 
a  5181502 
4.9077899 
4.8869653 


0 
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Adjusted  primary  triangles  between  Kent  Island^  Md.,  Washington,  D.  0.,  and  Atlanta,  Go. — Continaed. 


Xames  of  stations. 

Observed  angles. 

Correc¬ 

tions. 

Spherical 

an^es. 

Spherical 

excess. 

Plane  angles 
and  distances. 

Logarithms. 

o 

# 

// 

w 

// 

// 

Metert. 

4  7118767 

0. 5424895 

Puis . 

16 

39 

50.577 

—  .399 

50.178 

.629 

// 

49.549 

10 

13 

03. 436 

+  .767 

04.203 

.628 

03.575 

9.2489245 

153 

07 

06.908 

+  .597 

07.505 

.629 

08  876 

9.6552783 

31  863.294 

4. 5032907 

81  218  547 

4.0096445 

4  9064819 

45 

53 

17,704 

-f  .868 

ia572 

L928 

18  644 

0.1438876 

16 

29 

02.556 

-f  .128 

02.684 

1.928 

00.756 

9.4529205 

117 

37 

44  518 

-f-  .011 

44.529 

L929 

48  600 

9. 9474205 

31  868  243 

45032900 

, 

90  402. 419 

4.9977000 

46892851 

29 

18 

27.127 

■f  1.267 
-f  .175 

2a  394 

3.342 

25.052 

0. 3113848 

54 

11 

09.929 

10.104 

3.342 

08  762 

8  9089742 

06 

35 

31.659 

—  .131 

31. 528 

3.342 

28186 

8  9971200 

81  218  472 

4.9096441 

90  498  395 

4.9977809 

4  7118767 

Ifftnlilin 

52 

34 

00.938 

+  .700 

0L638 

L076 

00.562 

8 1001452 

23 

05 

40.058 

-f  1.816 
+  .824 

41.874 

L075 

40.709 

8  5035646 

104 

20 

lasoi 

19. 715 

1.076 

18  630 

9.9862568 

25  444.065 

4  4055865 

62  848  086 

4  7982782 

OQinth00  to  IPimutcl© •  • 

49064819 

Ifsnldin  . 5 . 

92 

46 

43.050 

—  .090 

42.960 

1. 621 

4L330 

0.0005107 

18 

22 

24.753 

-f  .412 

25.165 

1.621 

28  544 

9.4985935 

68 

50 

56.501 

■f  .237 

5a738 

L621 

55.117 

89697005 

to Pinnaclo  _ _ ......... 

25  444.041 

4.4056861 

nffcfiLUn to Cnrralioo  ■•••  ... _ .... _ ......... 

■ 

75  288  897 

4. 8767021 

tn  TtAbnii 

4  6892851 

Haoldin  . 

40 

12 

42.112 

—  .790 

41.322 

8587 

38  785 

0.1900357 

Gnmlioo 

56 

04 

32.126 

-1-  .459 

32.585 

8588 

29.997 

9. 0189571 

Kabnn. 

83 

42 

55.037 

-L181 

58  856 

8588 

5L268 

9.9973812 

\f  •  m  m  m  w  t  r  r _ - _ _ _ _ _ _ 

62  848  048 

4. 7982779 

Tyfftnliiin  to  CnTTahoo  .-.T.-r _ _ _ _ _ 

75  288  879 

48767020 

1 

4.6892851 

Pinnaclo 

35 

29 

22.390 

-f  .587 

22.977 

8  042 

20.935 

0. 2361613 

CoRaboo 

37 

42 

07.373 

+  .047 

07.420 

8043 

05.377 

0.7864303 

Rabon. 

106 

48 

35.095 

-1-  .636 

35.731 

8048 

38.688 

9.9810355 

Pinnaclo  to  Rabn** _ - _ _ _ 

51  508  238 

4  7118767 

Pbinado  to  OnrvalLOO 

80  627.259 

4  0064819 

Skitt  to  Blood . 

4.5131465 

29 

37 

62.874 

—1.377 

6L497 

1.701 

50.796 

0.3058805 

74 

11 

06.569 

—  .013 

08  556 

1.701 

04.855 

9.0832406 

76 

10 

57.233 

—  .182 

57.051 

1.702 

58  349 

9.9872458 

Bulinfi  tio  Blood. ............. 

63  428  043 

4  8022676 

Bftlyim  to  Slcltt 

64  018677 

4  8062728 

f?TtTTfthfW  to  SUtt  ■•nr*-- _  _ r _ 

4  5038010 

Babm. 

29 

04 

4a  282 

+1.875 
+  .343 

48  657 

1.289 

48  368 

0. 3133352 

Cmrahoo  . 

102 

45 

43.741 

44.084 

L290 

48  794 

9.9891867 

48 

09 

29.511 

+  .616 

80.127 

L289 

28.838 

0.8721480 

64  018  691 

48062729 

Rabun  to  CoTTahee . 

1 . 

48  897.826 

4.6892851 
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Adjusted  primary  triangles  between  Kent  Island,  Md.,  Washington,  D.  C.,  and  Atlanta,  Oa. — Continued. 


Name  of  stations. 

Observed  angles. 

Correc¬ 

tions. 

Spherical 

angles. 

Spherical 

excess. 

Plane  angles 
and  distances. 

Logarithms. 

O  !  $! 

// 

// 

n 

Meleri. 

•4.7520745 

0.0682468 

9.9819469 

9.8689643 

4.8022677 

4. 08928.51 

4. 5131465 

0.3121445 

9.9267886 

9.6785101 

4. 7520745 

4.50380U 

4.7005389 

0.4787908 

9.3244712 

9. 7190718 

4.5038009 

4.8984010 

4. 7743U9 

0.1251368 

a  8526257 

9.9989523 

4.7520744 

4.8984010 

4. 7743119 

0.0000386 

9.7887960 

9.9261885 

4. 5181465 

4. 7005390 

4.7481618 

a  0000166 

9. 9128657 

9. 7649681 

4.  6610441 

4. 5131465 

4. 5027518 

a  2762170 

9.8820755 

a  9953431 

4. 6610448 

4. 7743119 

4. 5027518 

a  2487614 

9.9966486 

9.9490257 

4. 7481618 

4.7005389 

4.6802840  4 

0. 3495440  7 

9.1523867  4 

9. 7556167  3 

4. 1822148  5 

4  7854448  4 

58  42  51.156 

73  35  40.627 

47  41  35.682 

-  .002 

-  .751 
4-  .026 

5L154 

39.876 

35.708  1 

2.246 

2.246 

2.246 

4^908 

37. 630 

33.462 

63  426. 058 

48  897.326 

Blood . 

. 

29  10  03.114 

122  20  86.080 

28  29  21.551 

+  1.093 
+  .603 

—  .208 

04.  207 

36.683 

2L343 

.744 

.745 

.744 

03.463 

35.938 

20.599 

56  503.390 

31  900. 765 

Skitt . 

Blood . 

Sawnee  to  Skitt . 

Carrahee . 

19  23  37.252 

12  11  11.855 

148  25  13.755 

+  .120 

—  .332 

—  .519 

37.372 

11. 523 

13.236 

.710 

.710 

.711 

36.662 

10.813 

12.525 

31  900. 750 

79  140. 909 

Sawnee . . . . . 

Skitt . 

Currahee  to  Skitt . . . . . 

Curraheo  to  Sawnee . 

Sawnee  to  Blood . 

Currahee . 

48  33  40.366 

45  25  06.664 

86  01  20.957 

+L218 

—1.255 

+  .577 

41.  579 

05. 409 

21.584 

2.841 
i  2.840 

2.841 

3a  738 

02.569 

ia693 

56  503.  377 

79  140. 909 

Sawnee . 

Currahee  to  Blood . 

Currahee  to  Sawnee . 

Sawnee  to  Blood . 

Skitt . 

89  14  10.165 

33  13  54. 809 

57  31  59.406 

-  .084 

—  .924 

+  .786 

10.081 

53.  885 

60.192 

1.386 

L386 

1.386 

0a685 

52.499 
5a  806  1 
32  504.662 

50  180.965 

Sawnee . 

Blood . 

Skitt  to  Blood . 

Skitt  to  Sawnee . 

. 

Skitt  to  Grassy . 

1 

Blood . 

89  29  53.068 

54  54  23.306 

35  35  42.550 

+  .883 
+  .212 
+2.860 

54.8.51 

23.518 

45.428 

L266 

1.266 

1.  265 

5a585 

22.252 

44.163 

45  818. 842 

32  594.662 

Skitt . 

Grassy . 

Blood  to  Grassy . 

Blood  to  Skitt . 

Sawnee  to  Grassy . 

Blood . 

31  57  54.562 

49  So  34.659 
98  22  32.109 

+  .097 
+  .909 
+1. 241 

54.659 

35.568 

33. 440 

1.222 

1.222 

1.223 

53.437 

34.346 

32. 217 

45  8ia  863 

59  47L  918 

Sawnee . 

Grassy . 

Blood  to  Grassy . 

Blood  to  Sawnee . 

Sawnee  to  Grassy . 

Skitt . 

34  19  46.859 

82  53  29.468 

62  46  49.640 

—  .295 

—  .015 

-1.628 

46.564 

29.453 

48.012 

L343 

1. 343 

L343 

45. 221 

2a  no 

4a  669 

55  99a  615 

50  18a  958 

Sawnee . 

Grassy . 

Skitt  to  Grassy . 

Skitt  to  Sawnee . 

Grassy  to  Sweat . 

Kenesaw .  • 

26  33 

8  09  57.704 

145  16  24.035 

40.511 

55.996 

24.548 

.352 

.352 

.851 

4a  159 

55.644 

24.197 

15  212. 999 

61  Oia  156 

Grassy . 

—1.708 

+  .513 

Sweat . 

Kenesaw  to  Sweat . 

Kenesaw  to  Grassy . 
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Adjusted  primary  triangles  between  Kent  Island,  Md.,  Washington,  D.  G.,  and  Atlanta,  Oa. — Continued. 


Name  of  stations. 

Observed  angles. 

Correc¬ 

tions. 

Spherical 

angles. 

Spherical 

excess. 

Plane  angles 
and  distances. 

Logarithms. 

O  /  #/ 

Meters. 

Pine  Log  to  Grassy . 

4.  .52.52408  4 

Kenesaw  . . . . 

29  48 

.57  408 

995 

// 

56  413 

n  3034*;Qn  a 

Pine  Log . 

115  08  58.577 

-fl.  142 

59.719 

.994 

58.725 

9. 9567449  8 

Grassy . 

35  02  03.696 

+2. 161 

05.857 

.995 

04.862 

9.7589665  3 

Xenesaw  to  Grassy . 

61  016  157 

4  7854448  5 

Eeneaaw  to  Pine  Log . 

38  69a  029 

4  .5870004  0 

Grassy  to  Sawnee . 

4.  5027518  0 

Xenesaw . . . 

31  09 

48-  202 

1  290 

46  912 

Grassy . 

51  39  33.335 

—1.637 

3L608 

1.290 

30.408 

9.8944969  8 

Sainiee . 

97  10  43.359 

+  .612 

43.  971 

1.  291 

42.680 

9.0965824  2 

Xeneaaw  to  Sawnee . 

48  234  681 

4  6833594  1 

Xeneaaw  to  Grassy . 

61  Oia  157 

4  78'441B  5 

Sawnee  to  Pine  Log . 

4.  a519200  1 

Grassy . 

86  41  37.031 

+  .524 

37.555 

.903 

Sa  652 

0. 0007235  7 

Sawnee . 

48  13  27.729 

+  .109 

27. 838 

.902 

2a  936 

9.  8725972  6 

Pine  Log . 

45  04  56.116 

-I-L198 

57.  314 

.002 

5a  412 

9.  8501082  1 

Grassy  to  Pine  Log . 

3-3  51.'^  125 

4  5252408  4 

Grassy  to  Sawnee . 

31  823.782 

4  .5027517  0 

Sweat  to  Pine  Log . 

4  .5100840  0 

Grassy . 

43  12  0L400 

+  .453 

01. 853 

.031 

00.922 

0. 1645945  9 

Sweat . 

44  21  28.210 

-f  .802 

29.012 

.931 

28.081 

0.8445622  4 

Pine  Log . - . 

92  26  31.871 

+  .058 

3L929 

.032 

30.997 

9.9096054  4 

Grassy  to  Pine  Log . 

as  19A 

4  5959^Aa  <9 

Grassy  to  Sweat . 

47  894. 322 

4  080284/1  3 

Sawnee  to  Sweat . 

4. 5197394  0 

Grassy . 

43  29  35.631 

+  .071 

35.702 

.889 

34. 813 

0. 1622436  9 

Sawnee .  . 

95  03  54.068 

-h  .153 

54.221 

.889 

53.332 

9.  9983000  6 

Sweat . . . 

41  26  32.604 

-f  .140 

32.744 

.889 

31.855 

!  9.  8207687  1 

Grassy  to  Sweat . 

47  804  324 

4.  6802840  5 

Grassy  to  Sawnee . 

31  ft23_  782 

4.  5027518  0 

Sawnee  to  Sweat . 

4. 5197304  0 

Pine  Log . 

47  21  35.755 

—1. 140 

34.615 

.918 

33.697 

0.1333483  6 

Sawnee . 

46  50  26.339 

+,.044 

2a  383 

.918 

25.465 

9.8629962  4 

Sweat . 

85  48  00.814 

1  +  .942 

01.  756 

.918 

00.838 

9.9988322  5 

Pine  Log  to  Sweat . 

32  815.  876 

4.  5160840  0 

Pine  Log  to  Sawnee . 

. 

44  86a  275 

4.  6519200  1 

Sawnee  to  Xenesaw . 

4.6833594  1 

Pine  Log . 

70  04  02.461 

—  .056 

02.405 

1.383 

01.022 

1  0.  0268298  1 

Sawnee . 

48  57  15.630 

+  .503 

la  133 

1.  383 

14.  750 

!  9. 8774771  6 

Xttiesaw . 

60  58  46.044 

—  .433 

45.611 

1.383 

44.228 

9.  9417307  9 

Pine  Log  to  Xenesaw . 

38  69a  028 

44  ftSA  97<> 

4  5876663  8 

Pine  Log  to  Sawnee . 

1  4  ftfilA^AO  1 

Sweat  to  Xeneaaw . 

4  182214A  7 

Pine  Log . 

22  42  26.706 

+1. 084 

27.790 

.415 

27.375 

1  0.  4133806  4 

Sweat . 

100  54  55.825 

-  .289 

55.536 

.416 

55.120 

9.  0920708  6 

Xenesaw . 

56  22  3^414 

-  .494 

87.920 

.515 

37.505 

9.0204884  8 

Pine  Log  to  Xeneaaw . 

1  4  5876603  7 

Pine  Log  to  Sweat . 

OO  vVU*  Ua  I 

32  815.  875 

OO  4  UWm  # 

4. 5160839  9 

Xenesaw  to  Sweat . 

090 

4. 1822148  7 

Sawnee . 

2  06  49.291 

-f  .460 

49. 751 

.050 

49.  701 

L  4331560  6 

Xenesaw . 

4  36  07.630 

+  .061 

07.691 

.050 

07.641 

a0048684  6 

Sweat . 

173  17  03.361 

—  .653 

02.708 

.050 

02.658 

9. 0670884  8 

Sawnee  to  Sweat . 

33  003.  248 

4.  5107303  9 

Sawnee  to  Xenesaw . 

. 

48  234.681 

4. 6833594  1 
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Adjusted  'primary  triangles  between  Kent  Island^  Md.j  Washington^  D,  0.,  and  Atla/nia^  Oa, — Continued. 


Name  of  stations. 

Observed  angles. 

Correc¬ 

tions. 

Spherical 

angles. 

Spherical 

excess. 

Plane  angles 
and  distances. 

Logarithms. 

o 

/ 

// 

It 

$! 

MeUri. 

.  4. 5066152  0 

41 

40 

10.536 

-  .582 

09.954 

.935 

OO^OIO 

0. 1772903  5 

92 

52 

24.529 

-L  505 

23.024 

.936 

22.088 

9.9994538  6 

45 

27 

29.712 

-{■  .U6 

29.828 

.935 

2a  893 

0. 8529291  7 

48  234.681 

4.68335941 

34  42L890 

4.5368347  2 

4.6463944  5 

54 

57 

07.022 

-2. 167 

04.855 

1.590 

03.256 

0.0868962  9 

63 

02 

55.832 

-f  1.002 

56.834 

L598 

55. 236 

9.9500686  8 

62 

00 

04.273 

— 1. 166 

03.107 

1.590 

0L508 

9.94593661 

48  234.682 

4.68335942 

47  777.982 

4.  6792273  5 

4.60987215 

57 

03 

56.  313 

-L707 

54.606 

L125 

53. 481 

0. 0760807  4 

42 

59 

5a  831 

-  .288 

5a  543 

L125 

57.418 

9.8337775  0 

79 

56 

09.977 

+  .248 

10.225 

L124 

09.101 

a99326546 

33  093.248 

4.5197393  9 

47  777. 932 

4.6792273  5 

4.6490267  3 

82 

24 

43.780 

-L244 

42.536 

.961 

4L575 

0.0038202  3 

47 

23 

40.044 

— L106 

3a  938 

.960 

37.978 

9.8668924  0 

50 

11 

43.207 

—1.800 

41.407 

.060 

40.447 

a8854872  2 

33  093.250 

4.5197394  2 

34  540.943 

4.53833418 

'RikAA  KwAtt.t.  ................. 

4. 4014562  8 

Sawnee. . . . . . . . . . 

43 

46 

59.827 

—  .122 

59.705 

.668 

59.037 

0. 1599379  5 

Northeast  T^ase  . . . ........................... 

65 

18 

18.189 

—  .670 

17. 519 

.668 

16. 851 

a  9583451  6 

Sweat 

70 

54 

46.284 

—1.504 

44.780 

.668 

44.112 

9. 9754404  8 

Sawnee  to  Sweat  -  t _ _ _ _ ............. 

33  093. 248 

4.5197393  9 

Sawnee  to  Northeast  Sase . . . 

34  42L890 

4.53683471 

A-Cademy  to  Northeast  "Ras^ _ - _ ..... 

4. 358U78  5 

Sawnee. . . . . . . 

38 

37 

43. 953 

— 1. 122 

42. 831 

.629 

42.202 

0.2046297  9 

Aca<d<^oiy  -  . . . . . 

70 

24 

16.565 

-  3.004 

13.561 

.629 

12.032 

1  0. 9740870  8 

Northeast  "Rase  t  _ - _ _ _ _ _ _ _ ................. 

70 

58 

05.720 

—  .225 

05.495 

.629 

04.866 

9.9755865  2 

Sawnee  to  Northeast  Base. ................................. 

34  421. 890 

4.5368347  2 

A-Cademy  _ ...... _ .............. 

_ 

34  540.941 

4.53833416 

Stone ^^onnt  to NorthwAnt  _  ...................... 

4. 2127381  2 

13 

16 

56.486 

—1.586 

54.900 

.320 

54.580 

0. 6387613  7 

. . . 

Stone  Mount  _ ...... _ ............................ 

28 

58 

56.941 

-f  1.276 
-f-  .683 

58.217 

.320 

57.897 

9.6853352  5 

Northeast Bas*'  . . . . . ................ 

137 

44 

07.160 

07.843 

.320 

07.523 

9. 8277278  8 

Sawnee  to  Northeast  Base  .................................. 

34  421. 892 

4.5368347  4 

Sawnee  to  Stone  Mount _ _ _ _ - _ _  - ...... 

47  777.934 

4.6792273  7 

A/«n<li>Tnir  ♦a  -  _ _ 

4.3464002  8 

Sa'^n ^e  - _ _ _ _ _ _ 

25 

20 

47.467 

+  .464 

47.931 

.509 

47.332 

0.3684637  4 

Academy 

112 

53 

42.731 

—  .452 

42.279 

.598 

4L  681 

9.9643633  4 

Stone  Mount .............  . . . 

41 

45 

32.095 

—  .509 

31.586 

.590 

30.987 

0. 8234701  5 

Sawnee  to  Stone  Mount  . . . 

47  777. 933 

4. 6792273  6 

Sawnee  to  Academy .................................... _ 

34  540.942 

4.53833417 

to  Stono  Monnt _ _ _ ...... ...... ...... 

4.6098721  5 

JCmiAHAW _ _ _ _ _ _ ............................ 

66 

36 

11. 903 

—1. 105 

10. 798 

.524 

10.274 

0.0372640  6 

Sweat  . . . . . . 

93 

20 

53. 384 

—  .901 

52.483 

.524 

51.959 

0.9992582  4 

Stone  Mnnnt _ _ _ ... . . . 

20 

02 

57.001 

-i- 1.290 

5a  291 

.524 

57. 767 

9. 5350786  7 

Nenesaw  to  Stone  Mount . . . . . . 

44  299.054 

4.64639446 

Kenesaw  to  Sweat . 

. 

15  213.000 

4.1822148  8 

Digitized  by  i^ooQle 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


Ill 


Adjusted  primary  triangles  between  Kent  Island^  Md.,  Washington,  D,  C.,  and  Atlanta,  Oa. — Continaed. 


Name  of  stations. 

Observed  angles. 

Correc¬ 

tions. 

Spherical 

angles. 

Spherical 

excess. 

Plane  angles 
and  distances. 

Logarithms. 

o 

u 

// 

n 

« 

// 

Metert. 

4. 4014562  8 

50 

03 

37.342 

-i-  .177 

37.  519 

.317 

37!'202 

0. 1153627  0 

102 

22 

17.077* 

-h  .851 

17.928 

.318 

17. 610 

9.9897962  0 

27 

34 

06.340 

—  .835 

05.505 

.317 

oa  188 

9.6653958  7 

32  108. 142 

4.  5066151  8 

15  212. 999 

4. 1822148  5 

4.3868156  0 

64 

50 

59.613 

.241 

59.854 

.310 

59.544 

0.0432567  3 

80 

44 

2L711 

+  .199 

2L  910 

.310 

21.600 

9. 9943023  8 

34 

24 

39.322 

—  .156 

39.166 

.310 

38.856 

9.  7521425  4 

26  56a  970 

4.4243747  1 

15  213. 000 

4. 1822148  7 

4. 2494705  0 

1 

45 

12.290 

—1.346 

10.944 

.030 

10. 914 

1. 5144006  3 

175 

37 

26.954 

—  .194 

26.760 

.031 

2a  729 

8.88252331 

2 

37 

22.258 

-f  .130 

22.388 

.031 

22.357 

a  6605035  9 

44  299.054 

4.6463944  4 

26  56a  970 

4. 4243747  2 

4. 2127381  2 

16 

32 

34.561 

— 1.  281 

3a  280 

.343 

32.937 

0. 5455725  8 

129 

23 

28.311 

.822 

29.133 

.344 

2a  789 

9.8880837  5 

34 

03 

5a  891 

-.274 

5a  617 

.343 

5a  274 

9.74830451 

44  299.054 

4.6463944  5 

32  108. 145 

4. 5066152  1 

TtiifiA  flmi flh T^flA  -  -  -  -  - _ - 

a  9702760  2 

14 

47 

22.271 

. 

+  .064 

22.335 

.185 

22.150 

0.  5930030  5 

Northeast  Base  r.T.--. _ _ 

46 

84 

26.983 

-f  .534 

27.517 

.185 

27.332 

9.  8610956  4 

118 

38 

10.842 

—  .140 

10.702 

.184 

10.  518 

9.9433361  5 

-fya  VPSMi4*.  .  .  _ _ _ 

26  56a  970 

4. 4243747  1 

fA  ’KTnrrf.liMLsd'.  Rasa  _  _ _ ........ 

32  108. 145 

4. 5066152  2 

SlVAO^.  _ _ _ _ ..... 

4.6098721  5 

A Att^amv  ...  ...........  ...... 

65 

30 

02.687 

+  .655 

03. 342 

.763 

02.579 

0.0409746  2 

Stone  Ifonnt...... . .  . . 

84 

45 

30.926 

—  .796 

30.130 

.763 

29.367 

9. 9981799  5 

. . . . . . . 

20 

44 

2a  770 

-1-2.047 

28.  817 

.763 

2a  054 

9.6955535  0 

A /•nilikintT  ♦a  SwAaf'.  _ _ _ ............ 

44  56a  366 

4.6490267  2 

A  _ _ _ _ 

22  202.418 

4.3464002  7 

TtoSA  Q'WAA.i'.  ...  _ _ _ 

4. 4014562  8 

A.cademy. 

23 

00 

3a521 

—1.897 

34.624 

.337 

34.287 

0. 4079519  9 

Northeast  Rase  . - . . . - . 

186 

16 

23.909 

-  .896 

23.013 

.336 

22.677 

9.8396184  8 

Rxyf^st  . . . . . . . . 

20 

43 

03.077 

-f  .296 

0a373 

.337 

03.036 

9.5487095  9 

A  ..  . .  .  . . 

44  56a  369 

4.6490267  5 

A  f^^Ainy  to  Northeast  Rase  -  .  rr^-- _ _ 

22  809. 610  ' 

4. 3581178  6 

to  ^^orthofwtr  Pnoir  -  _  _ - 

1 

4. 2127381  2 

A^ai^ATny  . . . . . 

42 

29 

2a  166 

+2.552 

2a  718 

.290 

2a  428 

0. 1703892  1 

Stone  Ifount 

70 

44 

29.036 

i  +  .768 

29.804 

.290 

29. 514 

9. 9749905  2 

Northeast  Pas*' - _ _ _ _ _ ..................i..... 

66 

46 

01.440 

+  .908 

oa  348 

.290 

02. 058 

9.9632729  5 

^  to  .  -  -  - 

22  809.609 

4. 3581178  5 

A  (SAavia 

. 

22  202.418 

4.3464002  8 

Aaat  TIoma  StAnA  ItTmiTlf'. 

1 

4. 2127381  2 

Sweat  T-  _ ............................. 

9 

01 

23.693 

+1.  752 

25.445 

.136 

25.309 

0.  8045350  0 

Northeast  Base 

156 

57 

34.651 

—  .013 

34.638 

.137 

34.501 

9.  5925990  2 

A#An A  IkAAnfir.  _ ..................................a........... 

14 

01 

01.890 

-1.564 

00.326 

.136 

00.190 

9. 3841831  5 

Qwaa#  ....  _ _ _ a _ _ _ 

40  72a  036 

4.6098721  4 

Sweat  to  Northeast  Base . 

25  20a234 

1  4.4014562  7 
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Adjusted  ^primary  triangles  between  Kent  Island^  Md,^  Washington^  D.  0.,  and  Atlanta^  Oa. — Continued. 


Name  of  stations. 

Observed  angles. 

Correc- 

tiuns. 

Spherical 

angles. 

Spherical 

excess. 

Plane  angles 
and  distances. 

Logarithms. 

O  /  // 

// 

MeUrt. 

4. 2494705  0 

Sweat . 

12  36  31.673 

-1.099 

30.  574 

.184 

3o!390 

0.6609720  8 

Stone  Mount . . . 

17  25  34.743 

+1. 160 

35.903 

.184 

35. 719 

9. 4763730  2 

Southwest  Base . 

149  57  53.724 

-f  .350 

54.074 

.183 

53. 891 

9.6994295  8 

24  .367.760 

4  !uuun5s n 

* 

40  726.038 

4  6009791  A 

. 

5L  9709760  9 

Sweat . 

21  37  5.5.366 

+  .6.52 

56.  018 

.192 

55.826 

0.4383897  6 

Northeast  Base . 

74  08  33.323 

—  .301 

33.022 

.192 

32.830 

9.  9831498  1 

Southwest  Base . 

84  13  31.520 

+  .016 

31.  536 

.192 

31.344 

9.9977905  0 

24  367.  7.59 

25  20a235 

Stone  Mount . 

31  26  36.633 

—  .404 

36.229 

.128 

36.101 

0.2826162  5 

Southwest  Base . 

65  44  22.204 

4-  .334 

22.538 

.128  ; 

22.410 

9.  9508458  5 

Northeast  Base . 1 

82  49  01.328  | 

4-  .289 

01.  617 

.128 

01.489 

0. 9965782  2 

llfnimf:  fn  Vnrt.hpiflRt  Rama _ _ 

16  320.  675 

4  2197^1  9 

. i 

. 

17  761. 128 

A  ^017^  0 

Stone  Mount . 

16  56  85.265 

-  .335 

34.930 

.066 

34.864 

0«  tl 

0.  5354799  2 

Middle  Base . 

80  14  23.381 

4-  .271 

23.652 

.066 

23.586 

0. 9036681  5 

Northeast  Base . 

82  49  01.328 

4-  .289 

01.  617 

.067 

01.550 

9.  9965782  4 

16  320.  675 

4.  2127381  2 

16  430.403 

In  MX(6lOOi  a 

4  2156482  1 

1 . 

3.  6544120  2 

Stone  Mount . 

14  30  01.368 

—  .068 

01.300  , 

.062 

01.238 

0. 6013902  8 

Southwest  Base . 

65  44  22.204 

4-  .334 

22.  538 

.062 

22. 476 

9.95084591 

Middle  Base . 

99  45  36.656 

—  .308 

36.348 

.062 

3^286 

0.9036682  0 

Stone  Mount  to  Middle  Base . 

16  430.  403 

4. 2156482  1 

SltnTiA  Monnt  to  Southwest  Base . . 

17  761. 126 

4. 2494705  0 

1 

[Paper  No.  2.] 

Estimation  of  the  probable  accuracy  of  a  triangulation  or  approximate  determination  of  the  average 

probable  error  of  the  adjveted  distances. 

Since  the  publication  of  the  approximate  probable  uncertainty  in  the  primary  triangulation 
between  the  Epping  base,  Maine,  and  the  Fire  Island  base,  New  York,  in  Coast  Survey  Eeport  of 
1865  (pp.  192  and  following),  the  subject  has  received  further  attention  with  a  view  of  a  closer 
estimation  of  the  probable  error  which  might  be  expected  in  adjusted  triangulation. 

The  strict  application  of  the  method  of  least  squares  to  the  computation  of  the  probable  error 
of  the  adjusted  distances  depending  upon  the  accuracy  with  which  the  angles  and  the  base  line  have 
been  measured — in  other  words,  the  application  of  the  method  to  conditioned  observations — ^is  too 
laborious  to  be  made,  nor  is  it  needed,  since  any  tolerably  fair  estimate  will  answer  all  practical 
purposes. 

Primarily,  the  accuracy  of  the  work  depends  upon  the  accuracy  of  the  measures  of  the  base  and 
of  the  angles,  and  upon  the  geometrical  figure  of  the  triangulatiou ;  that  is,  on  the  number  of  condi¬ 
tional  equations  involved.  The  greater  the  accuracy  of  the  linear  and  angular  measures  the  better 
the  shape  of  the  triangles,  and  the  greater  the  number  of  checks  or  conditions  the  smaller  will  be 
the  average  probable  error.  Supposing  but  a  single  chain  of  triangles,  and  no  condition  as  to  ac¬ 
cord  of  two  base  lines  (one  being  a  check  base),  we  may  begin  the  computation  of  probable  errors 
with  the  base  and  first  triangle  and  proceed  to  the  adjacent  triangle,  and  so  on  to  the  end  or  check 
base.  This  was  done  in  1865,  with  the  precaution  of  selecting  the  best-shaped  triangles  to  form  the 
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series  between  the  terminal  lines.  This  procedure  will  necessarily  assign  too  great  a  value  for  the 
probable  error:  fii*st,  on  account  of  the  formula  there  employed  for  the  probable  error  of  a  triangle 
side,  which  supposes  but  2  of  the  angles  measured  instead  of  3,  and  consequently  ignores  the 
measure  of  the  third  and  the  condition  of  the  sum  of  the  angles;  and  secondly,  for  the  reason  that 
the  triangulation  is  composed  of  various  geometrical  figures,  notably  of  quadrilaterals  or  other 
more  or  less  complicated  combinations  of  triangles,  each  of  which  contributes  something  to  the  ac- 
cur^y  of  the  whole. 

The  most  convenient  form,  and  one  usually  employed  for  the  computation  of  the  probable  error 
of  a  side  of  a  triangle  in  which  two  of  the  angles  are  supposed  measured  and  subject  to  small 
errors,  viz : 

e,  =  a  £  sin  ^/  v  ^  cot^  B)  ....  (1) 

was  given  and  numerically  illustrated  in  the  place  cited  above.  If  now,  we  take  account  of  the 
fact  that  all  the  angles  in  each  triangle  are  measured  and  adjusted  to  their  theoretical  sum,  viz  : 
two  right  angles  -4*  spherical  excess,  the  above  expression  needs  modification,  and  it  can  be 
made  to  assume  the  form  given  to  it  by  Laplace. 

The  same  modification  should  be  applied  to  Striiv^e’s  formula,  which  is  but  a  different  form  of 
Equation  (1).  Our  formula  for  the  probable  error  of  the  deduced  side  a,  the  angle  A  being  ad¬ 
jacent  to  the  base  b  but  opposite  side  «,  and  the  angle  B  being  at  the  vertex,  becomes — 


=  a  £  sin  1" 


r  [cot*  A  +  cot  A  cot  B  +  cot*  B] 


(2) 


where  e  =  the  average  probable  error  of  an  angle  as  deduced  from  the  cx)rrection8  to  the  observed 
angles,  or  the  difference  ^  between  observed  and  adjusted  angles.  £  may  also  be  deduced  ap¬ 
proximately  from  the  average  error  of  closing  of  the  triangles ;  it  may  also  be  found  roughly  from 

0.675V  ,  where  n  ==  the  number  of  triangles  involved ;  but  preferably  and  with  due  regard  to 

the  number  of  conditional  or  normal  equations  from 


C  =  0.6745,/  2  LZ] . (3) 

V 

where  we  introduce  the  sum  of  the  squares  of  the  direction-corrections  or  [r*]. 

For  the  theoretical  considerations  respecting  the  accuracy  of  functions  of  conditioned  observa 
tions  see  Gerling’s  Ausgleichungs-Rechnungen”  (Hamburg  and  Gotha,  1843),  chapter  8.  With  ref¬ 
erence  to  this,  and  making  use  of  his  notation  where  needed,  we  have  to  add  to  the  expression 

A  =  ^  ^  the  conditional  equation  multiplied  by  an  indeterminate  coefficient  Vi  or  the  term  ri 

sin  B 

(A  4-  B  -f  C  “  180  —  e)  before  differentiating  for  the  values  ?i  h  L  •  •  •  needed  for  the  forma 
tion  of  the  (so-called)  transfer  equations. 


0  = 

[a 

1] 

+  [  aa] 

n 

+  [ab]ri  +  [  a  c  ]  r. 

+ 

.  .  . 

0  = 

[*» 

1] 

+  [«6] 

n 

+  [bb]ri  +  [b  c]  Vi 

+ 

.  .  . 

0  = 

[c 

1] 

+  [  a  c] 

+  \he\r2  +  [  c  c  ]  r. 

+ 

.  .  . 

We  have  da  ^ 

— 

(a 

sin  1"  cot  B 

ri)  dB  +  {a  sin  1"  cot  A  + 

n) 

d  A  +  ri  dO 

and  f  = 

— 

a  i 

sin  1"  cot  B 

also  di  =  a2  =  Ua  =  1 

-1- 

a  1 

sin  1"  cot  A 

and  the  transfer-equation  0 

= 

[aZ]  -f  3ri 

V  L  — 

0 

or  ri  =  —  4  a  sin  1''  (cot  A 

-  — 

cot  B) 

*  It  will  be  noticed  that  Formula  II,  on  p.  194,  Report  of  1865,  but  not  used  there,  and  which  was  then  supposed 
to  represent  Laplace^s,  as  quoted  in  the  British  Ordnance  Survey  (London,  1858),  p.  421,  needs  to  be  multiplied  by  -j/ 
Formula  2,  as  now  given,  is  also  found  in  the  work,  just  received,  *‘Die  geodiitischeu  Hauptpunkte  von  G,  Zachariae, 
Berlin,  1878  (p.  44). 

S.  Ex.  13—16 
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and  from  ^  I^i  =  +  ^i  +  ^i  ^2  +  ^i  ^3  +  •  •  • 

(  L3  =  ^3  +  %  »*1  +  63  /*2  +  <^3  ^3  +  •  •  •  •  and  £,  =  £-/  [LL]  also  =  [LL] 

a  pi-ocess  which  leads  directly*  to  the  Equation  (2),  or  is  equivalent  to  it. 

We  may  compare  the  results  for  probable  error  for  the  case  of  2  angles  measured  and  for  the 
case  of  3  angles  measured  by  giving  the  numerical  work  for  the  triangle  treated  in  the  Eeport  of 
1865  (pp.  193,  194),  viz : 


Given 


b  =  8715.9 

B  =  390  20' 
A  =  51  37 
dA  =  dB 


hence  ^  log  =  8.8047^  and  ^  ri 

^  log  ^2  =  8.6170  \  Jji 

S  [a  1]  =  -  .02238  S 

±  0".48  (  0  =  -  .02238  +  3ri  (  L3 


+  .00746 

-  .05632 
+  .04886 

-  .00746 


ni. 

[LL]  =  .005615  and  £  y/  [LLf=  ±  0.0360 
but  in  case  of  2  angles  measured  we  had  .  ±  0.0416 

the  difference  of  these  results  showing  the  gain  in  accuracy  by  the  measure  of  the  third  angle. 
Using  formula  (2)  directly,  we  have : 


cot®  A  =  1.4892 

cot  A  cot  B  =  0.9666 

cot®  B  =  0.6275 

sum  =  3.0833 


and  ^  log  a  =  4.03267 
1  log  £  =  9.68124 

1  log  sin  1"  =  4.68557 
(  log  VfT  =  0.15646 


hence  log  £» 
and  £i^ 

as  before. 


8.55594 
±  0“.0360 


The  advantage  of  the  measure  of  the  third  angle  in  each  triangle  is  thus  apparent,  and  if  the 
triangulation  consisted  or  was  made  up  of  a  string  of  triangles,  no  further  remark  would  be  needed. 
Suppose,  however,  the  triangulation  to  consist  of  a  string  of  quadrilaterals,  it  follows  that  our 
probable  error  of  the  last  side  would  require  to  be  divided  by  y/  2,  since  we  can  arrive  at  that  side 
in  two  independent  ways,  or  through  2  different  sets  of  triangles ;  and,  in  general,  it  will  be  ad¬ 
missible  to  suppose  this  combination  factor  to  be  proportional  to  the  square  root  of  the  fraction : 
number  of  angles  in  triangles  used  in  computing  divided  by  number  of  angles  in  figure.  Thus 

for  a  quadrilateral  we  have  the  factor  /  ^  or  /  ^  ;  for  a  hexagon  (hinged)  /  —  or  /  ?  ;  the  factor 

I  ^  for  two  adjacent  quadrilaterals  connected  by  a  diagonal  or  line,  and  in  general  for  our  tri- 
V  15 

angulations  made  up  principally  of  quadrilaterals  this  combination  factor t  will  not  differ  much 
from  ^ ^  ;  putting  it  equal  to  V/,  the  value  of  £»,  as  found  by  the  formula  (2),  must  be  multi¬ 
plied  by  V/.  The  result  must  be  increased  by  the  additional  probable  error  ±  ®  £b,  which  is  the 

effect  of  the  probable  error  «  of  the  measure  of  the  base  line  &,  which  effect  is  propagated  through 
the  triangulation  independently  of  the  effect  of  the  errors  of  the  angular  measures.  We  thus  have 
finally, 

=  7/^.*  +  5  •  •  •  .  (4) 


*  If  we  substitute  in  these  equations  the  above  values  of  /i  k  k  and  of  ai  (h  and  the  value  of  n,  next  square  the 
values  of  Li  Li  L3,  and  form  their  sum  or  [LL]  we  shall  find  this  equal  to  1  sin*  1''  (cot*  A  -f-  cot  A  cot  B  -4-  cot*  B) 
— as  pointed  out  by  Mr.  M.  H.  Doolittle,  of  the  Computing  Division. 

t  In  connection  with  the  use  of  this  factor  the  series  of  primary  triangles  selected  will  comprise  those  of  average 
shape, 
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If  this  line  is  a  junction  line  where  two  (or  more)  branches  of  triangulations  meet,  and  each 
branch  depends  upon  its  own  base  line,  we  can  obtain  a  second  (or  more)  value  for  ei,  which 
values  are  to  be  combined  for  the  final  probable  error  of  the  line  as  depending  on  the  whole  con¬ 
nected  triangulation.  Thus,  in  the  case  of  a  simple  junction  with  the  respective  values  en  and  e. 


the  probable  error  e  becomes 


or  we  may  add  the  respective  weights  and  find  the 


value  of  e  corresponding  to  the  sum. 

For  an  estimate  of  the  average  accuracy  of  a  triangulation  connecting  a  base  line  with  a 
terminal  line,  we  may  suppose  and  e  expressed  in  parts  of  the  length,  and  the  average  probable 


error  of  the  triangulation,  similarly  expressed,  will  be  given  by  e  j  = 


5<“‘  + 


e* 


[Paper  No.  3.] 

United  States  Coast  and  Geodetic  Survey  Office, 

Washington^  November  9,  1878. 

Deab  Sir:  I  have  the  honor  to  present  the  following  explanations  and  illustrations  of  the 
method  employed  in  this  oflBce  in  the  solution  of  normal  equations  and  in  the  adjustment  of  a 
triangulation. 

I. — General  method  of  solution  of  normal  equations. 

Suppose  given  the  normal  equations — 


1. 

0  = 

+ 

5.4237W? 

4- 

2.184207 

— 

CO 

+ 

2.35422: 

— 

3.6584 

2. 

0  = 

+ 

2.1842a? 

+ 

6.924107 

— 

1.2130^ 

+ 

2.8563 

3. 

0  = 

— 

4.3856a? 

+ 

12.8242y 

+ 

3.4695^ 

+ 

8.7421 

4. 

0  = 

+ 

2.3542a? 

— 

X.2130O7 

+ 

3.4695y 

+ 

7.1243^ 

+ 

0.6847 

The  solution  is  conducted  as  follows : 


A. 

B. 

% 

2 

s 

4 

5 

6 

7 

8 

1 

2 

3 

♦ 

5 

6 

* 

Vf 

X 

V 

z 

* 

y 

z 

1 

1 

4A424 

+2. 184 

-4.386 

+2.354 

-3.658 

1 

3 

+6.924 

-1. 213 

+2.856 

.  t 

2 

—  .184 

Vfs= 

-  .401 

+  .807 

-  .433 

+  .6731 

2 

4 

-  .876 

+  1.759 

-  .944 

+1.467 

$ 

, 

+6.048 

+1. 759 

-2. 157 

+4.323 

3 

7 

+12.82 

+3. 470 

+8. 742 

4 

6 

-  .165 

x  = 

-  .29 

+  .356 

-  .7133 

4 

8 

—  3.54 

+1. 900 

-2.950 

5 

9 

-  .51 

+  .626 

—1.254 

S 

10 

+8. 77 

+  5.996 

+4. 538 

n 

—  .114 

y  = 

-  .684 

-  .  5173 

6 

12 

+7.124 

+0.685 

7 

13 

-1. 019 

+1.584 

10 

+1.  236 

+0.704 

8 

14 

—  .768 

+1.539 

t 

It 

—  .800 

-  .57 

9 

15 

-4. 101 

—3.104 

The  first  column  in  each  of  the  above  tables  gives  the  number  of  the  line,  and  the  second  the 
order  of  procedure. 

The  coefficients  and  absolute  term  of  Equation  1  are  entered  in  line  1,  columns  4  to  8,  of  Table 
A,  not  proceeding  in  any  case  beyond  four  significant  figures.  The  reciprocal  of  the  leading  letter 
w  is  taken  from  Barlow’s  Tables,  and  entered  in  line  2,  column  3,  with  the  negative  sign  prefixed. 
AU  the  remaining  numbers  in  line  1  are  multiplied  by  this  reciprocal,  and  the  products  written 
underneath  in  line  2.  This  gives  the  value  of  tr  as  an  explicit  function  of  Xj  y,  and  z. 
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The  coefficients  and  absolute  terra  of  Equation  2  (omitting  the  coefficient  of  ir,  already  employed 
in  the  first  equation  as  a  coefficient  of  x)  are  now  written  in  line  1,  Table  B.  The  coefficient  of  x  and 
all  the  following  numbers  in  line  1,  Table  A,  are  next  multiplied  by  the  coefficient  of  x  in  line  2,  and 
the  products  are  written  in  line  2,  Table  B.  The  algebraic  sum  of  lines  1  and  2,  Table  B,  is  now 
entered  in  line  3,  Table  A,  and  line  4  is  formed  therefrom  in  the  same  manner  in  which  line  2  was 
formed  from  line  1. 

Omitting  the  coefficients  of  ic  and  .r,  the  remaining  terms  of  Equation  3  are  written  in  line  3, 
Table  B.  The  coefficients  of  y  and  the  following  numbers  in  lines  1  and  3,  Table  A,  are  respectively 
multiplied  by  the  coefficients  of  y  in  lines  2  and  4,  and  the  products  entered  in  lines  4  and  5,  Table 
B.  The  algebraic  sum  of  lines  3,  4,  and  5  of  the  latter  table  is  now  entered  in  line  5,  Table  A,  and 
the  value  of  y  as  an  explicit  function  of  z  is  determined  in  the  same  manner  as  were  similar  values 
of  ic  and  and  entered  in  the  next  line. 

In  like  manner  line  6,  Table  B,  is  taken  from  Equation  4,  and  lines  7,  8,  and  9  are  formed  from 
the  coefficients  of  z  and  following  terms  in  lines  1,  3,  and  5,  Table  A,  multiplied  by  the  coefficients 
of  z  in  lines  2,  4,  and  6.  The  algebraic  sum  is  entered  in  line  7,  Table  A.  If  there  were  other 
equations  and  unknown  quantities,  these  processes  w  ould  be  repeated.  The  last  repetition  gives  an 
approximation  to  the  value  of  the  last  unknown  quantity. 

It  is  to  be  observed  that  the  numbers  in  Table  B  have  but  a  single  use,  while  those  of  Table 
A  are  used  over  and  over;  and  when  the  number  of  equations  is  large,  it  is  of  great  advantage 
that  they  should  be  thus  tabulated  by  themselves  in  a  form  compact  and  easy  of  reference. 

The  reciprocals  and  coefficients  of  the  explicit  functions  should  be  copied  as  in  Table  C  below, 
and  carefully  preserved  for  future  reference  and  use. 


c. 

D. 

Reciprocal. 

X 

V 

z 

1 

'  to 

! 

X 

V  1 

z 

1 

-  .184 

-  .401 

+  .807 

—  .433 

1  1  -f  .6731 

-  .7133 

-  .5173 

-.57> 

2 

-  .165 

-  .29 

+  .356  ^ 

2  1  +  .2468 

—  .2029 

+  .3809  1 

-=  n  5 

3 

-  .114 

—  .684 

3  1  -  .1024 

+  .0308 

-  .127  , 

=  y\ 

4 

-  .809 

4  +  .  3.524 

-  .879 

. 1 

~  a?i 

+1.17 

1 _ 

«=  to\ 

The  absolute  terms  of  the  explicit  functions  are  written  in  the  first  line  of  Table  D.  The 
value  of  as  thus  far  determined,  is  multiplied  by  its  coefficients  in  the  last  column  of  Table  C, 
and  the  i)roducts  are  written  in  the  second  line  of  Table  1).  The  algebraic  sum  of  the  two  num¬ 
bers  in  column  y  of  the  latter  table  gives  an  approximate  value  of  y  written  underneath  in  line  3, 
and  its  products  b^^  its  coefficients  in  column  y.  Table  C,  are  written  to  the  left  in  the  same  line. 
Similar  processes  determine  approximate  values  of  the  remaining  unknown  quantities. 

These  values  must  be  substituted  in  the  original  equations,  and  a  sufficient  number  of  decimal 
places  must  now  be  used  to  insure  the  requisite  degree  of  accuracy.  The  residuals  are  written  in 
the  first  line  of  Table  E. 


;  1. 

1  ^ 

1  2.  i  3.  1  4.  ,| 

1  1  ' 

1  I 

to 

\ 

Z 

y 

z 

1  1  -  .0165 

1  '  ! 

1  +  .0169  +  .0047  +  .0039  ' 

1 

j  +  .0030 

-  .0039  j 

+  .0018 

-  .0239> 

2 

-1-  .0066  -  .0133  '  f  .0071  , 

,  2  ] 

1  f  .0103  , 

1  —  .0085 

+  .0163 

=  zt  1 

3  1 

+  .0235  *  —  .0068  f  .0084  ' 

3 

+  .0146 

—  .  0052 

1  ■]-  .0181 

“  yt 

^  1 

,  -  .0154  +  .0102  1 

4 

1-  .0071 

-  .0176 

=  Xt 

1 

1 

1  1  +  .0296  1 

1 

+  .0350 

=  IP* 

The  first  line  of  coefficients  in  Table  C  is  now  multiplied  by  the  residual  of  the  first  equation, 
and  the  i)rodiicts  entered  in  the  second  line  of  Table  E.  The  first  reciprocal  in  Table  C  is  also 
multiplied  by  the  same  residual,  and  the  product  entered  in  column  ?r,  line  1,  of  Table  F. 
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The  algebraic  sum  of  the  two  numbers  in  the  second  column  of  Table  E  is  now  written  under¬ 
neath;  and  line  2,  Table  C,  is  multiplied  thereby,  and  the  products  written  to  the  right  of  the  mul¬ 
tiplier,  except  the  product  by  the  reciprocal,  which  is  entered  in  column  Xj  line  1,  of  Table  F.  The 
remaining  numbers  in  this  line  are  formed  in  a  similar  manner.  The  product  of  the  sum  of  the 
last  column  of  Table  E,  by  the  last  reciprocal  in  Table  C,  gives  a  correction  to  the  value  of  z. 
Table  F  is  now  completed  by  the  same  process  that  was  employed  in  Table  D,  giving  w  =  +  1.17 
+  .035  =  -f  1.205;  a-  =  -  .879  -  .0176  .8066;  y  =  -  .127  +  .0181  =  -  .1089;  =  -  .57  - 

.0239=  —.5939.  The  residuals  now  remaining  are:  1.  —  .0008  ;  2.  +  .0005  ;  3.  +  .0004  ;  4.  +  .0001. 

As  the  multiplication  is  performed  by  Crelle’s  Tables,  no  multiplier  is  allowed  to  extend  beyond 
three  significant  figures.  Other  numbers  may  be  extended  to  four ;  but  it  would  be  a  waste  of  time 
to  extend  any  number  farther,  except  in  the  process  of  substitution  for  the  determination  of  re¬ 
siduals. 

By  this  process,  Mr.  J.  G.  Porter  and  myself  have  solved  in  five  and  one-half  days,  or  36  work¬ 
ing  hours,  with  far  greater  than  requisite  accuracy,  41  equations  containing  174  side  coefficients 
counting  each  but  once,  or  430  terms  in  all.  Each  of  us  made  a  complete  solution,  duplicating  the 
work,  and  making  frequent  comparisons  in  order  to  avoid  errors. 

For  the  sake  of  perspicuity  in  explanation  and  convenience  in  printing,  I  have  here  made 
some  slight  departures  from  actual  practice.  For  instance,  in  the  solution  of  a  large  number  of 
equations,  it  would  be  inconvenient  to  pass  the  eye  and  hand  out  to  a  vertical  column  of  recip¬ 
rocals  ;  and  they  are  better  written  in  an  oblique  line  near  the  quantities  from  which  they  are  de¬ 
rived  and  with  which  they  are  to  be  employed. 

II. — Addition  of  neic  equations. 

Suppose  that  after  the  solution  of  the  foregoing  equations  and  the.  consequent  adjustment  a 
new  condition  is  established,  resulting  in  the  following  normal  equation:  5.  0  =  —  2.0475 ir  + 
0.8362  X  +  1.8567y  —  1.3149 +  8.2527  w  —  1.8372;  with  the  addition  of  the  term  —  2.0475 w  to  the 
first  of  the  previous  equations,  -f  0.8362 to  the  second,  &c.  The  absolute  term  is  supposed  not 
to  be  an  original  discrepancy,  but  an  outstanding  residual,  after  the  foregoing  solution  has  fully 
entered  into  the  adjustment,  as  is  generally  the  case  with  azimuth  and  length  equations. 


C(o). 

1  .  G.  • 

1 

i  _  _ 

1  Recip-  1 
j  rocal.  1 

X  1 

1 

y 

1 

*  i 

»  1 

1 

1 

w 

X 

y 

.  1  „  1 

! 

Vf 

1 

X 

y 

z 

U 

1 

—.401 

+.807 

—.433  * 

'  +.  377 

'  1 

-2. 05 

1 

+.836 

+  1. 866 

-1. 315  ‘  +8.  253 

;  1 

1 

+.  1007  , 

-. 0732 

+.0082 

-.  0753  J 
=z,  3 

+.267  1 
=  tt,  3 

2 

-.185 

-.20 

+.366 

1  -.274  I 

1  2 

+.  822 

-1.654 

+  . 888 !  -  . 773 

i  2 

+.0326! 

-.  0268 

i  +.0515 

3  1 

,  -.114 

-.684 

+.0307 

i  3 

+.  166 

-  .481 

+  .  591  —  .  455 1 

1  ^ 

04821 

-.  0173 

+. 0597 

— -y* 

-.809 

1 

1  -.282 

I  ^ 

—  .269 

+  .184  —  .  008  ^ 

4 

+.  0469 

-.117 

= 

6 

-.145 

1 

j  5 

+  .348  —  .098| 

5 

+.228 

! 

1 

1. 

1 

1 

1 

1 

!  +6.  919 1 

1  1 

1 

I _ 

Table  C(a)  differs  from  Table  C  merely  by  the  addition  of  the  last  reciprocal  and  the  last  column 
of  coefficients.  The  coefficients  (but  not  the  absolute  term)  of  the  new  equation  are  written  in  the 
first  line  of  Table  G.  The  mode  of  procedure  is  now  very  similar  to  that  followed  in  the  formation 
of  Table  E ;  but  those  products  in  which  the  reciprocals  are  factors  are  entered  in  the  last  column 
of  Table  C(a),  and  these  products  are  again  multiplied,  as  well  as  the  other  numbers  in  the  same 
lines,  by  the  same  multipliers  in  the  formation  of  the  other  lines  of  Table  G.  Thus  the  first  number 
in  the  last  column  of  Table  C(a)  =  —  2.05  x  —  .184  =  +  .377 ;  and  the  second  number  in  the  last 
column  of  Table  G  =  —  2.05  x  —  .205  x  —  .184  =  —  2.05  x  +  .377  =  —  .773.  The  reciprocal 
of  the  sum  of  the  last  column  of  Table  G  is  entered  at  the  end  of  the  column  of  reciprocals  in 
Table  C(a) ;  and  its  product  by  the  absolute  term  of  the  new  equation  gives  an  approximate  value 
of  u.  The  products  of  this  value  by  its  coefficients  in  the  last  column  of  Table  C(a)  furnish  the 
first  line  of  Table  H,  and  determine  a  correction  to  z.  This  table  is  now  completed  by  the  process 
employed  in  Tables  D  and  F. 

If  the  absolute  term  of  the  new  equation  is  an  original  discrepancy  arising  from  new  observa¬ 
tions,  as  in  the  case  of  an  extension  of  a  survey,  it  is  simply  necessary  to  substitute  the  previously 
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determined  values  of  the  unknown  quantities  in  the  new  equation,  and  then  treat  the  residual  as 
above  indicated. 

In  the  case  of  several  new  equations,  each  will  furnish  a  table  resembling  Table  G.  If  we 
suppose  a  sixth  equation  involving  t,  it  will  be  necessary  to  construct  a  table  G(a)  with  an  ad¬ 
ditional  column ;  and  if  there  be  a  seventh  involving  «,  there  will  be  a  table  G{b\  with  another 
additional  column.  The  number  of  columns  in  Table  C(a)  will  be  correspondingly  increased;  but 
it  will  be  best  at  this  stage  not  to  extend  the  list  of  reciprocals  beyond  those  given  in  Table  C. 
Columns  u,  f,  and  s  will  therefore  all  be  of  the  same  length,  and  will  terminate  with  the  products 
furnished  by  such  factors  as  were  introduced  by  the  last  original  equation  and  those  in  the  same 
line.  The  sum  of  the  numbers  in  column  w,  Table  G(f/),  will  then  form  a  side  coefficient  between 
u  and  t ;  the  columns  u  and  t  in  Table  G(^)  will  in  like  manner  furnish  side  coefficients  between  u 
and  8  and  between  t  and  s;  and  the  last  column  in  each  table  will  furnish  a  corresponding  diagonal 
coefficient.  There  will  thus  be  formed  a  set  of  normal  equations  from  which  ?r,  x,  y,  and  z  have 
been  eliminated,  and  the  work  may  now  proceed,  as  shown  in  Tables  A  and  B.  Table  G(a)  may 
then  be  completed,  and  a  single  table  like  D  will  determine  approximate  values  of  the  new  un¬ 
known  quantities  and  corrections  to  the  old  ones.  As  the  absolute  terms  of  the  former  explicit 
functions  have  already  been  disposed  of,  their  places  should  be  left  blank  in  the  first  line  of  this 
table. 

I  regard  the  facility  with  which  new  conditions  can  be  absorbed  as  one  of  the  principal  ad¬ 
vantages  of  this  method,  and  hope  that  it  will  largely  if  not  entirely  obviate  the  necessity  of 
partial  figure  adjustment  in  the  primary  triangulation. 

III. — Order  of  solution. 

In  the  process  of  elimination  it  is  desirable  to  avoid  the  introduction  into  an  explicit  function 
of  an  unknown  quantity  from  which  the  corresponding  original  equation  is  free.  In  line  4,  Table 
A,  the  value  of  x  contains  the  unknown  quantity  which  was  absent  from  the  second  equation. 
Had  the  third  equation  changed  places  with  the  first,  the  terms  of  the  original  second  equation 
might  have  been  introduced  directly  into  Table  A,  and  the  number  of  lines  in  Table  B  would  have 
been  two  less  and  the  number  of  columns  one  less. 

The  order  of  solution  in  a  figure  adjustment  can  be  best  decided  by  inspection  of  the  figure. 
The  work  should  commence  with  an  angle  equation  from  a  triangle  having  a  side  (or,  better,  two 
sides)  on  the  exterior  of  the  figure;  and  no  angle  equation  from  a  triangle  with  a  new  interior  side 
should  ever  be  introduced  till  after  the  entrance  of  every  angle  equation  not  thus  exposed  to  en¬ 
tanglement  with  conditions  yet  untouched.  A  side  equation  should  usually  be  postponed  till  after 
the  introduction  of  all  the  angle  equations  that  relate  to  the  same  points  and  no  others,  but  should 
immediately  follow  them,  so  as  to  precede  all  equations  that  extend  beyond  its  domain  into  new 
territory. 

IV. — Selection  of  angle  equations. 

While  it  is  thus  desirable  to  postpone  entanglement  with  new  conditions,  it  is  still  better  to 
avoid  it  altogether,  so  far  as  possible,  by  discarding  angle  equations  from  interior  triangles,  and 
retaining  in  preference  those  that  lie  on  the  border.  The  formation,  as  well  as  the  solution  of  the 
normal  equations,  is  thus  considerably  facilitated. 

It  is  of  much  less  importance,  but,  other  things  being  equal,  it  is  expedient  to  exclude  trian¬ 
gles  with  small  angles,  in  order  to  avoid  entanglement  with  side  equations  having  large  coefficients; 
and  it  is  also  desirable,  though  of  still  less  importance,  to  exclude  triangles  that  adjoin  small 
angles,  and  so  have  a  side  common  with  them. 

V. — Treatment  of  small  angles. 

Suppose  it  be  required  to  adjust  the  following  figure  with  the  observed  directions  as  here  tabu¬ 
lated: 
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Spear.  Tobacco  Row. 
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The  figure  requires  three  side  equations.  If  we  select  those  indicated  by  the  symbols  5.2.1, 
5.4.1,  and(^  5.4.2,  we  have  the  following: 


1.  0  =  +  0".12  -  0.196(f)  -  1.780(f)  +  1.976(f)  -  0.066(i)  +  0.272(3)  -  0.206(f) 

+  2.505(1)  -  0.438(1)  -  2.067(1). 


2.  0  =  -  0".19  -  1.697(f)  -  0.279(f)  +  1.976(f)  -  0.340(1)  0.433(3)  -  0.093(J) 

+  2.505(1)  -  2.362(f)  -  0.143(4). 

3.  0  =  -  0".19  -  0.195(3)  -  0.011(4)  +  0.206(f)  -  0.233(J)  +  0.326(3)  -  0.093(5) 

+  0.438(2)  -  0.295(3)  -  0.143(4). 


In  the  first  two  equations  the  functions  of  the  small  angles  at  Spear  and  Smith  so  largely  pre¬ 
dominate  over  everything  else,  and  those  of  corresponding  terms  are  so  nearly  equal  that  the  two 
equations  may  be  considered  approximately  identical.  The  side  coefficient  will  be  about  as  large 
as  the  diagonal  coefficients,  and  an  attempt  at  solution  with  factors  extending  to  but  three  signifi¬ 
cant  figures  would  not  be  likely  to  fiimish  even  an  approximation  to  the  values  of  the  unknown 
quantities. 

Adding  the  third  equation  to  the  first,  and  subtracting  the  second  fix)m  the  sum,  the  following 
equation  results : 

4.  0  =  +  0".12  -  0.196(f)  -  0.083(f)  +  0.279(4)  -  0.066(i)  +  0.077(3)  -  0.011(4) 

+  0.340(1)  -  0.233(f)  -  0.107(3). 

It  is  evident  that  if  the  first,  third,  and  fourth  equations  are  satisfied,  the  second  must  also  be 
satisfied.  Hence,  the  fourth  equation  may  be  safely  substituted  for  the  second,  or,  as  wUl  easily 
appear,  for  the  first,  if  it  be  preferred  to  retain  the  second. 
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The  fourth  equation  corresponds  to  the  symbol  4.  2.  1,  and  might  have  been  obtained  di¬ 
rectly  in  the  usual  way.  The  following  rule  may  be  deduced  for  this  method  of  avoiding  difficulty 
with  small  angles :  Choose  the  pole  so  as  to  employ  the  small  angles  once,  employ  them  but  once, 
and  adhere  to  the  same  pole. 

If  the  line  2  .  .  4  had  not  been  observed,  this  method  would  have  been  impracticable,  and, 
when  practicable,  it  is  sometimes  inexpedient,  as  in  this  instance.  It  is  desirable  to  select  Tobacco 
Row  as  the  pole  for  at  least  one  equation,  on  account  of  the  small  angles  in  the  triangle  1.  4.  2. 
The  following  method  is  therefore  often  preferable  and  sometimes  necessary. 

Subtracting  the  second  equation  from  the  first  we  have — 

5.  0  =  +  0".31  -  0.196(2)  -  0.083(?)  +  0.279(i)  -  0.066(i)  +  0.272(|)  -  0.206(|) 

+  0.340(1)  -  0.433(3)  +  0.093(1)  “  0.438(2)  +  0.295(2)  +  0.143(2). 

This  equation  may  be  substituted  for  either  the  first  or  the  second.  It  corresponds  to  the 
symbol  5.  4.  1.  2,  and  might  have  been  directly  obtained.  For  this  method  the  following  rule 
may  be  given  i  Choose  the  pole  so  as  to  employ  the  small  angles  once,  and  with  the  same  pole  form 
an  equation  involving  all  the  five  stations  and  avoiding  the  small  angles. 

It  may  be  useful  to  notice  that  the  fifth  equation  involves  neither  the  longest  side  of  the  small¬ 
angled  triangle  nor  the  opposite  side  of  the  quadrilateral  fonned  by  the  non  polar  points.  If  the 
longest  side  of  the  small  angled  triangle  had  been  a  diagonal  of  that  quadrilateral,  both  diagonals 
would  have  been  absent  from  the  fifth  equation. 

Of  the  two  quadrilaterals  1.  3. 4  and  1.  5.  4,  the  former  is  somewhat  to  be  preferred,  since 
the  latter  is  worse  entangled  with  the  small-angled  side  equation  having  its  pole  at  Long,  but  no 
great  difficulty  may  be  apprehended  whichever  is  chosen. 

Respectfully  submitted. 

M.  H.  DOOLITTLE. 

Chas.  a.  Schott, 

Assista/nt  in  charge  of  Office. 
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APPENDIX  9. 


ON  A  PHYSICAL  SUBVEY  QF  THE  DELAWARE  BIVEB  IN  FRONT  OF  PHILADELPHIA,  BY  HENRY 

MITCHELL,  ASSISTANT. 


June  30,  1879. 

Dear  Sir  :  In  submitting  the  following  report  upon  a  physical  survey  of  the  Delaware  River 
at  Philadelphia,  I  have  felt  it  incumbent  upon  me  to  give  something  more  than  a  compilation  of  the 
observations,  because  the  proper  understanding  and  use  of  the  tables  by  the  engineer  require  from 
him  a  wider  view  of  the  subject  than  this  strictly  local  survey  could  offer.  The  general  scheme  of 
the  surv^ey,  and  the  stand-point  from  which  we  have  regarded  the  scene,  are  revealed  in  the  intro¬ 
duction  to  the  report,  and  followed  by  illustrations  of  the  practical  use  of  the  tables,  as  far  as  necess¬ 
ary,  to  indicate  their  applications  to  the  questions  likely  to  present  themselves. 

It  is  an  unusual  privilege  to  deal  with  observations  entirely  trustworthy  and  systematically 
recorded,  and  I  call  your  special  attention  to  the  credit  due  Mr.  H.  L.  Marindin,  the  chief  of  the 
field  party,  to  Mr.  John  B.  Weir,  his  principal  assistant,  and  to  Mr.  Charles  A.  Russell,  the  recorder. 
These  three  gentlemen,  trained  by  experience  in  several  different  river  surveys  which  we  have  been 
called  upon  to  make,  not  only  gathered  the  data,  but  performed  most  of  the  labor  involved  in  their 
reduction  to  tabular  form,  &c. 

The  removal  of  Mr.  Weir  during  the  past  year  necessitated  the  employment  of  Mr.  Edward  H. 
Lincoln,  civil  engineer,  temporarily.  He  also  had  been  an  observer  formerly  in  our  Mississippi 
work,  and  proved  very  competent. 

I  think  that  you  will  conclude  from  the  report  that  our  methods  gradually  improve  and  become 
more  direct  in  their  application  to  problems  presented  in  the  preservation  of  channels  and  the  com¬ 
mercial  occupation  of  their  banks. 

Appreciating  the  continued  and  intimate  interest  you  have  evinced  in  the  work  assigned  to  us, 
and  the  support  which  you  have  rendered  and  obtained  for  the  party  in  the  midst  of  hard  times^ 

I  remain,  respectfully,  yours, 

HENRY  MITCHELL, 

Coast  and  Geodetic  Survey. 

Cablile  P.  Patterson,  LL.  D., 

Superintendent  Coast  and  Geodetic  Survey. 


S.  Ex.  13 - 16 
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The  channel, — There  are  no  elements  in  the  questions  of  riparian  rights  and  privileges,  which 
give  rise  to  more  discussion  and  contest  than  tlie  proper  location  and  form  of  the  channel.  All  are 
agreed  that  a  common  pathway  for  navigation  must  bo  preserved,  and  idl  arc  agreed  that  the  essen¬ 
tial  drain  capacity  for  river  waters  or  tides  must  be  retaiued.  But  how  far  may  opposite  shore- 
owners  extend  their  wharves?  To  a  certain  stated  distance  from  the  original  shoi^e  line;  to  within 
a  certain  distance  of  the  line  of  deepest  water;  or  to  that  distance  which  shall  exclude  a  given  vol¬ 
ume?  How  shall  encroachment  be  limited  to  that  which  will  not  involve  injury  at  times  of  floods 
or  great  tides?  In  fine,  where  is  the  essential  channel^  and  what  is  its  cssentml  form?  This  is  the 
question  we  have  to  consider. 

The  actual  shore  line  is  among  the  most  unceiiain  contoiu's  in  nature,  varying  with  every  change 
in  the  elevation  of  the  stream,  especially  in  low  countries,  and  rarely  retiu'uiug  to  its  pi-evious  posi¬ 
tion  after  inundation.  The  thalweg^  or  line  of  greatest  depression,  is  also  an  uncertain  contour,  often 
diflScult  of  determination  by  soundings  because  of  the  general  flatness  of  the  river  bed,  and  always 
disposed  to  shift  where  the  bed  is  alluvial.  To  locate  the  channel  properly  all  its  contours  must  be 
taken  into  the  account;  it  must  be  treated  as  a  whole  and  not  defined  by  its  salients  only. 

The  method  reached  in  our  yet  very  imperfect  study  may  be  stated  thus : 

From  the  soundings  the  ordinates  of  many  cross-sections  are  determined,  and  each  profile  is  l  e- 
diiced  to  a  smooth  figure  by  a  formula,  based  upon  type  forms,  and  fitted  to  each  particular  case  by 
coeflScients.  The  shore  lines  are  thus  corrected  or  reconstructed  by  eliminating  accidental  Ibatures 
or  mere  anomalies,  and  the  normal  position  of  the  thalweg  is  fixed. 

From  the  original  soundings,  or  from  the  ordinates  of  the  corrected  cross-sections,  the  line  of 
mid-area^  or  the  locus  of  the  center  of  gravity,  is  determined  and  its  radii  of  curvature  computed ; 
so  that  this  too  may  be  plotted  in  smoother  curves  if  necessary.  As  a  rule,  however,  in  alluvial 
bottoms,  the  line  of  mid-area  actually  observed  presents  smooth  cui’ves,  which  appear  ujmn  the  plan 
in  striking  contrast  with  the  ragged  outlines  of  the  shore,  the  contorted  profiles  of  sections,  and 
the  meandering  course  of  the  thalweg. 

After  treating  the  river  as  an  inert  mass,  and  determining  the  shape  of  its  mould,  as  almve 
indicated,  it  is  taken  up  again  as  a  living  stream,  and  the  profile  of  its  forces  and  the  locus  of  its  flow 
are  determined.  The  use  of  the  profile  as  applied  to  forces  may  not  appear  to  have  the  same 
significance  as  when  applied  to  the  transverse  section,,  which  has  a  real  existence  in  nature ;  but  it 
is  not  imaginaryj  since  it  may  be  called  into  transient  existence  as  a  visible  form.  If  a  number  of 
ai)ples  were  to  be  simultaneously  dropped  upon  a  stream  along  a  transver^  line,  the  figure  which 
would  be  given  by  a  line  drawn  through  these  apples  at  the  end  of  one  second  would  bo  what  we 
have  called  the  profile  of  the  forces,  and  between  this  profile  of  forces  and  the  profile  of  the  section 
there  exists,  in  alluvial  bottoms,  the  relation  of  cause  and  effect.  The  transverse  profile  of  forces 
will  be  fpund  to  resemble  the  transverse  profile  of  the  bottom,  especially  if  both  are  observed  at 
the  time  of  ordinary  floods,  when  the  flowing  water  is  constructing  its  channel.  In  low- water  sea¬ 
sons  or  at  great  floods  the  stream  is  often  subservient  to  or  out  of  register  with  it;  at  such  times 
the  loci  of  mid-area  and  mid-volume  present  limes  at  all  sharp  bends  and  coincide  only  in  straight 
reaches  or  at  points  of  reversion. 

There  are  also  intervals  between  the  loci  of  mid-area  and  mid-volume  where  the  river,  as  a  liv¬ 
ing  body,  has  recently  shifted  its  bed  and  not  supplied  the  material  for  filling  up  its  old  channel. 
In  a  case  like  this  the  line  of  mid-area  would  evidently  not  represent  the  course  of  the  channel  in 
any  abiding  sense,  and  the  line  of  mid-volume  might  not  yet  be  firmly  located.  We  have  here  the 
great  source  of  trouble  in  meeting  local  questions  of  jurisdiction  and  riparian  title. 
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Oar  observations  of  earrents  have  not  been  made  during  floods  nor  made  simultaneously  in  all 
the  sections  at  any  time ;  so  that  while  we  design  to  study  both  cause  and  effect  we  inevitably  dis¬ 
cover  that  our  active  causes  are  not  those  which  produced  the  entire  effects,  nor  do  they  faithfully 
represent  in  miniature  those  causes.  For  instance,  when  a  stream  goes  around  a  bend  it  is  dispose^l 
to  press  along  the  concave  shore,  but  in  those  seasons  when  the  stream  is  strong  and  at  work,  this 
tendency  is  greater  than  at  seasons  of  sluggish  movement.  The  line  of  greatest  motion  will  lie  be¬ 
yond  the  line  of  greatest  depth  where  the  bend  is  increasing,  and  by  a  careful  study  of  the  relative 
positions  of  the  loci  of  midrar^a  and  midrvolume  one  may  ascertain  whether  the  destructive  or  con¬ 
structive  disposition  of  the  river  predominates  at  any  point. 

The  form  of  the  cross-section  is  dependent  upon  the  curvature  in  the  course  of  the  stream,  and 
where  a  stream  has  a  tendency  to  increase  its  bend,  the  center  of  the  cross-section  and  the  apex  of 
its  profile  will  move  toward  the  concave  shore  at  a  rate  which  will  vary  with  the  inverse  radius  of 
curvature  of  the  bend. 

Form  of  cross-section. — The  most  casual  observer  may  notice  that,  as  a  nile,  deeper  water  is 
found  at  a  bend  than  in  the  straight  portion  of  a  stream,  and  that  while  the  greatest  depth  lies 
midway  between  the  shores  in  the  straight  reach,  at  bends  the  greatest  depth  lies  nearer  the  con¬ 
cave  shore,  and  he  naturally  associates  the  depression  and  the  shift  of  the  thalweg  with  the  curvature 
of  the  river. 

In  the  practical  study  of  channels  it  has  become  our  way  to  seek  first  the  fundamental  form  at 
straight  reaches,  and  then  introduce  into  its  equation  elements  of  change  calculated  to  convert  the 
curve  of  the  straight  reach  into  one  representing  the  form  of  section  observed  at  bends,  &c. 

The  fundamental  section  varies  in  different  soils  or  where  there  is  a  difference  in  the  vegetation 
upon  the  shore,  but  its  profile  oscillates,  I  am  satisfied,  only  from  the  curve  of  sines  to  the  semi- 
ellipse— from  the  curve  of  sines  whose  arc  is  1.57  times  the  mean  width  observed  (from  surface  to 
bottom),  and  whose  maximum  ordinate  is  1.57  times  the  mean  depth  (from  shore  to  shore)  to  the 
elhpse,  whose  axial  ratio  is  that  of  mean  depth  to  half  mean  width. 

With  central  origin,  the  expressions  for  these  i>rofiles  would  be  simply  (1),  y  =  1.57  d  cos  x 

with  limit  of  a?  =  1.57  c,  and  (2)  y  =  —  ^  c*  —  in  which  d  equals  the  observed  mean  depth  and 


e  equals  the  half  mean  chord  observed,  while  o  in  the  second  expression  is  the  surface  chord  or 
width  from  shore  to  shore.  The  circular  arc,  lying  between  these  two  curves,  may  l>e  essentially 

represented  by  (3)  y  =  D  in  which  D  is  the  maximum  ordinate  at  origin. 

In  practice,  the  first  of  these  expressions — the  sinusoid — is  the  most  convenient,  because  no 
successive  trials  are  necessary;  the  surface  chord  and  the  maximum  ordinate  being  computed  directly 
from  the  mean  depth  and  mean  chord  observed;  and  in  (3)  the  values  of  D  and  c  may  be  similarly 
computed  from  the  mean  elements  observed  for  first  trials  the  observed  surface  width  being  doubtful. 

The  main  object  in  view  is  to  replace  the  observe  fundamental  section  by  one  preserving  all  its 
essential  features  without  its  accidental  ones.  In  practice  we  find  that  where  there  is  no  curvature  in 
the  course  of  the  stream,  a  symmetrical  curve,  given  by  one  of  these  expressions,  fits  very  nicely, 
except  at  and  very  near  the  surface  where  banks  have  been  swept  away  or  caved  in. 

Now,  the  centrifrigal  force,  which  would  press  the  current  upon  the  concave  shorfe  in  going  round 
a  bend,  would  cause  the  center  of  gravity  to  move  toward  this  shore  in  the  inverse  ratio  of  the  radius 
of  curvature;  and,  as  the  volume  passing  is  the  same,  there  is  no  diminution  of  area.* 

To  produce  this  change  of  the  center  of  gravity,  without  diminution  of  area,  an  element  must 
be  inserted,  which  will  reduce  one  part  of  the  figure  and  increase  the  other  equally;  in  other  words, 
on  one  side  of  the  origin  shoaling  must  be  represented,  and  on  the  other  deepening. 

o*  — 

This  is  very  simply  done  by  adding  to  (1),  <pBm2x-y  to  (2),  — -5 —  2  x  {i.  c.,  the  sine  of 


twice  the  eccentric  angle),  and  to 


(3).  *  (2^) 


2x.i 


*  Criticany  speaking  there  most  be  an  increase  of  sectionid  area  to  balance  the  greater  resistance  which  would 
otherwise  occur. 

t  To  avoid  imaginary  quantities  where  the  curves  require  diifting,  the  ellipse  may  be  replaced  by  a  curve  of  a 
higher  (even)  degree. 
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Tn  nsing  the  flrnt  or  Ihiixl  of  tlie  above  expresaioDS;  special  oases  may  present  themselves  in 
which  the  cai>acity  for  ehahge  under  the  infinence  of  the  second  (bend)  element  is  too  limited;  but 
for  ordinary  bendM  the  necond  coefficient  varies  very  nearly  with  the  shoreward  movement  of  the  thalweg 
and  the  center  of  gravity ^  and  consequently  with  the  inverse  of  the  radius  of  curvature  of  the  bend. 

Where  there  is  a  tendency  of  the  stream  to  spbt,  so  as  to  form  two  semi-detached  channels,  a 
third  element  must  be  added  (co  sin  3  Xj  or  the  square  of  the  second  element  in  (2)  and  (3)  with  a 
constant  for  equating  areas  and  other  constants  to  shift  positions),  and  many  devices  become  neces¬ 
sary  in  fitting  the  computed  to  the  observed  curve,  till  no  recurrent  curves  appear  in  the  residuals. 

The  foregoing  is  not  presented  as  a  theory  of  the  cross-section,  but  as  a  simple  and  convenient 
metho<l  of  genemlizing  the  forms  presented.  The  supposition  that  there  are,  in  the  absence  of  any 
split,  only  two  elements  in  the  formula  for  the  profile  of  cross-section,  retaining  the  same  relative 
position,  presumes  that  there  is  a  midway  point  that  does  not  alter  its  depth,  and  that  the  inclina¬ 
tion  of  the  bottom,  at  this  point,  is  similar  (although  in  reverse  sense)  to  that  of  a  railroad  going 
round  a  bend  at  uniform  grade. 

In  Diagram  A  the  type  forms  are  furnished  for  the  cross  sections,  as  given  by  the  simple 
formulae  above  mentioned,  and  a  glance  at  the  ‘^Dynamic  Charts’^  (not  furnished  for  publication 
with  this  report)  will  satisfy  you  that  every  case  presented  among  the  forty-seven  sections  measured 
in  the  Delaware  falls  under  one  of  these  theoretical  types. 

It  remains  to  state  what  practical  advantage  results  immediately  from  the  application  of  these 
or  better  formulm  which  generalize  the  forms  of  the  sections. 

Ist.  To  determine  the  normal  positions  of  the  shore  lines  and  the  thalweg  by  deducing  them 
from  all  the  measures  of  each  crosssection.  Our  earlier  method  was  to  smooth  out  the  observed  pro¬ 
file  of  the  section  by  sweeping  a  line  through  the  irregularities  by  the  eye — ^the  method  of  graphical 
correction^  that  Dr.  Whewell  applied  to  tidal  observations;  but  a  comparison  of  this  old  method  with 
the  one  now  proposed  or  a  comparison  of  the  curves  drawn  by  any  two  exi)erts  with  the  old  method, 
shows  that  personal  prejudice  is  a  very  considerable  element  rendering  the  result  by  the  graphical 
method  almost  useless.  The  mean  of  many  cross-sections  ought  logically  to  give  a  curve  from  which 
mere  errors  of  observation  are  eliminated,  but  it  cannot  lumish  the  virtual  shore  line  which  is  an 
element  in  the  proper  location  and  allotment  of  the  Port-  Warden  line,* 

2d.  To  decide  what  feature  in  any  cross-section  has  an  artificial  origin  or  is  so  recent  that  the 
stream  has  not  yet  accommodated  itself  to  the  change. 

3d.  To  decide  what  portion  of  any  cross-section  can  be  improved  permanently  by  dredging.  A 
shoal  which  is  an  obstruction  to  navigation  may  not  be  an  obstruction  to  the  river,  but  the  result 
of  a  deposit  by  the  river  itself  in  a  space  which  it  has  relinquished  as  it  has  shifted  its  bed.  In 
such  a  case  the  artificial  removal  would  only  be  a  temporary  relief  to  navigation.  The  application 
of  our  formulm  to  the  section  as  a  test,  and  a  comparison  with  the  profile  of  forces,  would  in  almost 
every  case  seem  to  be  entirely  satisfactory  in  determining  tlie  character  of  an  obstruction,  whether 
forced  or  suffered. 

4th.  To  measure  in  advance  the  degree  to  which  any  proposed  structure  would  iqjure  the  chan¬ 
nel  or  induce  change  elsewhere. 

In  the  second  part  of  this  report  the  result  of  some  efforts  to  determine  the  necessary  form  of 
the  cross-section  at  several  points  on  the  Delaware,  before  ascertaining  the  fundamental  section, 
will  be  found.  Some  very  ugly  cases  present  themselves,  in  a  stream  in  which  ice  has  played  a 
part  which  is  yet  very  obscure  to  us;  but,  on  the  whole,  we  have  been  (I  submit)  as  successful  as 
ought  to  be  expected  in  a  first  essay. 

It  may  be  objected  to  the  elliptical  figure  that  it  gives  a  vertical  bank  immediately  at  the  shore 
line,  which  is  unnatural  in  material  that  takes  a  long  slope  of  repose,  but  when  it  is  considered 

^  The  statutes  fixing  the  position  of  Port-Warden  lines  make  no  pioTision  for  their  division  as  frontages  among 
riparian  proprietors,  each  of  whom  is  entitled  to  a  right  of  way  to  the  sea  firom  every  foot  of  his  shore.  Expensive 
litigation,  ending  tisnaJly  in  very  nneqnal  Jnstioe,  has  necessarily  attended  the  attempt  to  determine  a  numerical  re¬ 
lation  between  an  irregular  shore  and  a  geometrical  curve  lying  far  from  it.  1  proposed,  some  years  ago,  and  stiU 
insist,  that  legislatures  should  provide  for  the  ostablishment,  first,  of  a  **  conventional”  (I  now  say  virtual)  ^ore-line 
in  stated  curves  and  tangents,  and  that  the  harbor-line  should  be  so  drawn,  subsequently,  that  each  section  should 
contain  the  interior  diore-line  curves  as  factors,  direct  or  indirectT^^ 
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that  this  long  slope  is  not  an  essential  condition  to  the  proper  flow  of  the  stream,  the  objection, 
from  our  xK>int  of  view,  disappears. 

The  general  scheme  of  the  cross  section,  stated  above,  was  incorporated  in  a  foot-note  to  my 
report  on  New  York  narl>or  (Ann.  Rep.  Coast  Survey,  1870),  since  which  I  have  found,  in  the  An¬ 
nates  des  Fonts  et  Chaussiesy  1868,  an  article,  by  M.  Farque,  in  which  he  has  attempted  to  show  the 
relations  between  the  course  of  the  thalweg  and  the  bend  of  the  artificial  banks  of  a  river,  and  to 
connect  them  with  the  radius  of  curvature.  The  objection  to  his  method  lies  in  his  reliance  upon 
single  contours  instead  of  using  all  the  soundings  and  treating  the  river  as  a  wliole.  His  paper 
involves,  necessarily,  much  mathematical  ingenuity;  and  while  his  ultimate  aim  seems  to  be  much 
the  same  as  my  own,  his  line  of  argument  is  very  different. 

Upon  Diagram  A  I  have  plotted  the  profile  of  one  of  the  cross-sections  Observed  in  the  South¬ 
west  Pass  of  the  Mississippi  River,  showing  my  conception  of  the  three  elements  of  which  it  was 
composed,  viz :  The  fundamental  ellipse,  the  twist  due  to  the  bend,  and  the  enlargement.  The 
observed  curve  might  be  expressed  in  ascending  powers  thus : 

y  =  52  +  a05173x  -  (0.00286332?)®^  (0.0026833 2*)« 
but  here  the  terms,  individually,  have  no  physical  meaning. 

SECTION  7^.— SOUTHWEST  PASS,  MISSISSIPPI  RIVER. 
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Mean  depth  of  observed  section .  44. 6  foet 

Mean  depth  of  oompnted  section .  45. 2  feet^ 

Mean  chord  of  eompnted  section .  018  feet. 

Mean  chord  of  observed  section .  892  feet. 


Area  of  observed  section .  64, 266  sq.  feet 

Area  of  eompnted  section .  65^  148  sq.  feet 

Mid-an^  of  oompnted  section .  —  171  feet 

Mid-area  of  observed  section .  —  165  feet. 


The  formula  for  the  cross-section  of  the  Delaware  in  front  of  Philadelphia,  supposing  it  i)erfectly 
canalized,  so  aa  to  be  reducexl  to  the  minimum  width,  I  make 


y  =  33: 
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in  which  is  the  radius  of  curvature  of  the  bend,  varying  from  16200  to  infinity. 
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A  glance  at  the  general  chart  of  ^‘Delaware  Bay  and  River,”  issued  by  the  Coast  Survey,  will 
suffice  to  sanction  the  following  propositions,  which,  as  hints  to  our  inquiries,  have  been  found 
valuable: 

1st.  The  water-way  augments  as  it  approaches  the  sea,  although  no  important  tributary  rivers 
exist 

2d.  The  river,  at  first  tortuous,  unwinds  as  it  approaches  the  sea. 

3d.  The  channel  (thus  distinguishing  the  main  artery)  threads  its  way  among  shoals,  with  a  dis¬ 
position,  as  it  approaches  the  sea,  to  separate  into  passes  like  delta  rivers. 

Ist  and  2d.  The  expansion  of  the  water-way  in  the  absence  of  fresh-water  tributaries,  and  the 
increase  of  the  radii  of  curvature  in  the  course  of  the  river  as  it  approaches  the  sea,  are  both  due 
to  the  action  of  tides  mainly.  Other  things  equal,  the  size  of  a  tidal  channel  through  alluviums  may 
be  said  to  vary  directly  as  the  amount  of  service  which  it  is  called  upon  to  i)erform  as  a  conduit,  and 
the  increase  of  tidal  volume,  between  the  mouths  of  the  Schuylkill  and  Christiana  Creek  for  in¬ 
stance,  fully  accounts  for  the  increase  of  the  average  section. 

Again,  the  range  of  the  tide  being  about  six  feet,  a  potential  head  to  this  amount  may  be  said 
to  exist  at  every  point.  Any  obstruction  which  the  tide  encounters  calls  forth  its  measure  of  active 
force  within  this  limit  of  six  feet  (which  an  actual  stoppage  would  induce),  and  in  approaching 
the  sea  the  increasing  volume  has  greater  and  greater  power  to  overcome  resistances.  Bends  of 
small  radius  are  resistances  that  must  therefore  diminish,  and  the  tendency  of  the  water-way 
as  it  approaches  the  sea  is  to  straighten  as  well  as  augment  its  section.  The  l)end  which  a  stream 
makes  on  meeting  an  obstruction  is  not  symmetrical — the  deflection  above  is  more  abnipt  than 
the  reflection  below;  the  only  form  of  channel,  then,  that  will  harmonize  flood  and  ebb  streams, 
whose  directions  are  oppose<l,  will  be  the  straight  one.  We  are  (continually  witnesses  of  the  un¬ 
willingness  of  flood  and  ebb  streams  in  tidal  rivers  to  submit  to  the  same  bend ;  the  fact  that  they 
have  different  velocities,  and,  therefore,  (centrifugal  forces  difiering  as  the  squares  of  the  velocities, 
renders  entire  harmony  out  of  the  question.  The  introduction  of  tides  into  a  river  must  have  a 
tendency  to  straighten  the  water-way. 

3d.  The  Delaware  occupies  only  a  part  of  the  antecedent  depression  through  which  it  flows, 
and  it  has  formed — perhaps  is  still  forming — ^a  sort  of  delta  with  the  materials  brought  dowm  from 
the  interior — somewhat  as  the  Alabama  River  is  building  its  delta  at  the  head  of  IVIobile  Bay  or 
the  Atrato  in  the  Gulf  of  Darien.  It  will  be  seen  on  a  close  examination  of  the  chart  that  this 
river  presents  great  irregularity  of  section,  indicating  that  the  volume  of  water  in  motion  does  not 
everywhere  occupy  the  entire  water-way;  that  it  has  shifted  its  pathway  at  many  points  without 
yet  filling  up  its  old  avenue,  so  that  the  cross-section  of  the  water-way  is  not  in  each  instance  a 
cross-section  of  the  true  stream. 

The  river  proper  as  a  physical  force  steadily  declines  as  it  approaches  the  sea,  for  the  volume 
of  fresh  water  remains  essentially  constant  while  the  volume  of  the  tide  increases.  This  would  be 
tnie  comparatively  even  if  the  water-way  did  not  enlarge,  but  where  such  enlargement  takes  place, 
as  in  the  Delaware,  an  actual  loss  of  power,  almost  to  the  annihilation  of  this  element  as  an  active 
one,  must  occur.  Nevertheless,  as  we  have  seen,  the  river  outflow  modifies  the  form  of  channel- 
section  nearly  to  the  threshold  of  the  ocean. 

Location  of  the  channel. — In  the  studies  that  we  have  made  in  various  harbors  with  a  view  to 
the  proper  location  of  Port-Warden  lines  limiting  the  extension  of  wharves,  &c.,  we  have  narrowed 
the  vexed  questions  of  channel  location  down  to  two  alternative  propositions,  viz : 

1st.  The  locus  of  a  stream  is  that  of  its  center  of  gravity,  i.  c.,  the  line  of  mid-area  of  section. 

2d.  The  locus  of  a  stream  is  that  of  its  axis  of  motion,  i.  c.,  the  line  of  mid-volume. 

In  straight  reaches  these  two  loci  concur  at  all  times;  and  at  symmetrical  bends  they  might  be 
presumed  to  concur  when  the  stream  is  in  its  average  working  condition.  In  the  tables  api)ended 
to  this  report  the  numerical  values  of  the  co-ordinates  of  forty-seven  cross-sections  are  given  rep¬ 
resenting  the  mold  of  the  river  from  Five-Mile  Point  to  the  mouth  of  the  Schuylkill,  with  the  posi- 
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tions  of  mid-anea  and  mid-volume  for  each  section,  and  in-  Table  No.  48  the  radii  of  curvature  are 
furnished  for  the  locus  of  mid-area^  rudely  sketched  upon  Diagram  B. 

The  appearance  of  lunes  between  the  curves  of  mid-area  and  mid-volume  when  we  came  to  plot 
them  satisfied  us  that  we  had  not  made  our  current  observations  at  the  average  woriciug  stage  of 
the  stream. 

Below  Gloucester  Point  the  river  remains  essentially  in  a  state  of  nature,  and  here  we  find  the 
loci  of  mid-area  and  mid-volume  describing  very  smooth  curves  (see  Diagram  B,  Fig.  2),  but  leaving 
considerable  lunes  between  them  except  at  the  straight  reach  near  Gloucester  Point  and  the  place 
of  reversion  below.  The  radii  of  curvature  for  the  upper  bend,  that  having  its  concavity  turned  to 
the  northwest,  are  6,205  feet  for  mid-area  and  6,835  feet  for  mid-volume  of  ebb. 

Notwithstanding  the  existence  of  these  lunes,  if  a  treatment  of  this  portion  of  the  river  for 
location  of  Port-Warden  lines  were  proposed,  it  would  seem  patent  that,  acting  exclusively  upon 
physical  indications,  we  should  simply  construct  a  water-way  diverging  in  due  proportion  to  the 
increase  of  tidal  volume,  and  provide  that  it  should  bo  so  phiced  as  to  be  everywhere  balanced 
about  the  mid-area  line  observed.  The  width  at  the  initial  point  would  be  the  most  serious  question 
to  settle.  There  is  a  nesirly  straight  pass  above  Gloucester  Point  where,  as  might  have  been  ex¬ 
pected,  the  smallest  section,  in  proportion  to  discharges,  is  found ;  but  this  section  is  not  in  the 
form  most  characteristic  of  the  river,  even  for  a  straight  reach,  and  w  ould  be  found  too  narrow 
elsewhere. 

It  is  above  the  Gloucester  reach,  in  the  portion  of  the  river  whose  shores  are  occupied  for  com¬ 
mercial  puriK)ses,  that  the  greatest  perplexity  iu  regard  to  the  location  of  the  stieam  exists.  We 
have  given  the  actual  i>laces  of  mid-area  and  mid-volume^  but  where  there  are  islands  or  wiiere  tlie 
stream  partially  bifurcates  we  cannot  bring  the  i)oints  into  accord.  It  is  evident  that  we  must 
more  intimately  examine  the  transverse  sections  before  we  can  trace  the  progress  of  the  character¬ 
istic  form  down  the  river  and  determine  correctly  the  points  of  bifurcation  and  reunion. 

It  may  be  properly  stated  here  that  at  bends  one  often  finds  uimn  the  convex  side  a  ^‘slough 
channeV^  which  has  been  created  during  floods  and  served  as  a  tcaste-weir.  The  double  channel,  in 
a  case  like  this,  must  not  be  confounded  with  bifurcation,  although  in  time  of  flood  the  slough 
channelj^  because  of  its  great  slope,  exhibits  the  more  rapid  current. 

Cross-section. — ^The  gradual  augmentation  of  the  water-way,  referred  to  at  an  earlier  portion  of 
this  report  as  characteristic  of  the  Delaware  in  its  approach  to  the  sea,  is  scarcely  recognizable  in 
the  portion  of  the  stream  lying  along  the  frontage  of  Philadelphia.  It  will  be  obseiwed  from  a 
glance  at  Diagram  C,  Fig.  1,  that  there  is  no  sustained  increase  of  sectional  area  from  the  upper 
end  of  Petty’s  Island  to  Gloucester  Point,  notwithstanding  that  in  this  distance  the  increase  of 
flowage  is  full  27  -per  cent. 

Before  entering  upon  the  inquiry  to  what  extent  changes  in  the  natural  order  may  have  been 
wi’ought  by  artificial  means — an  inquiry  reserved  for  a  future  leport  when  the  soundings  upon  old 
and  new  surveys  shall  have  been  compared — ^it  behooves  us  to  consider  a  little  more  critically  to 
what  extent  the  natural  order  makes  uniformity  in  the  increase  of  section  necessary. 

Were  the  river  straight  and  all  its  sections  symmetrical  and  similar,  the  magnitude  of  the 
water-way  would  increase  nearly  in  the  same  ratio  as  the  discharge;  but  where  a  stream  is  com¬ 
pelled  to  meander  among  obstructions,  even  if  through  a  generally  yielding  bed,  the  sections  must 
have  variations  due  to  the  changes  of  course,  or,  in  other  words,  to  the  change  in  the  radius  of 
curvature  from  point  to  point.  Theoretically  the  least  depth  and  the  least  width  in  the  course  of  a 
constant  stream  should  be  found  in  the  straightest  reach,  because  here  the  least  resistance  and  the 
most  economical  form  of  section  is  found. 

In  the  earlier  part  of  this  report  it  was  stated  that  the  scheme  of  our  inquiry  was  based  upon 
a  broader  experience  than  this  local  survey  would  have  furnished,  and  in  the  study  of  actual  sec¬ 
tions  in  the  portion  of  the  Delaware  under  consideration,  the  fundamental  form  with  simple  varia¬ 
tions  at  bends  and  voluntary  bifurcations,  are  often  only  obscurely  recognized,  and  in  fitting  the 
computed  to  the  observed  curves  many  devices  are  resorted  to. 

The  bed  of  the  river  is  not  molded  by  the  land-waters  only,  but  modified  by  the  tides  which 
not  only  cause  an  increase  of  discharge,  as  we  go  down,  but  present  antagonisms  at  every  bend 
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whicli  is  not  symmetrical.  It  will  be  an  imimrtant  purpose  with  the  engineer  who  may  project  im¬ 
provements  of  this  river  to  reduce  the  bends  to  symmetry  as  far  as  possible. 

In  a  tidelcss  river  one  may  conceive  of  a  fundamental  section  as  sustained  in  the  reach  between 
any  two  tributaries,  but  where  there  are  tides  a  continual  augmentation  of  sectional  area  is  neces¬ 
sary.  This  report  cannot  pretend  to  do  more  than  cross  the  threshold  of  the  Delaware  problem. 

\Vc  are  pi*eseiited  in  this  survey  with  no  straight  reach  of  sufficient  length  to  permit  the  com¬ 
plete  exhibition  of  the  symmetrical  section  w^hich  can  be  properly  recognized  as  a  fundametal  form. 
By  gix)iipiug  the  measures  of  Sections  XXXV,  XXXVI,  and  XXXVII  together  and  taking  a 
mean,  we  obtiiin,  it  is  true,  a  symmetrical  form,  but  one  that  seems  rather  to  result  from  a  conflu¬ 
ence  of  streams  heretofore  separated  than  from  an  orderly  and  sustained  flow.  Here  we  have  a 
sectional  profile  nearly  corresponding  to  the  arc  of  a  circle  whose  radius  is  725  times  the  mean 
depth — or  still  more  nearly  with  a  sinusoid  whose  mean  ordinates  and  mean  chord  correspond  with 
the  mean  depth  and  moan  width  observed. 


MEAN  OF  SECTIONS  XXXV,  XXXVI,  AND  XXXVII. 


ObflCTved 

Computed 

depth 

Diflfei’ence. 

Ecmarks. 

X 

depth. 

y -40  cos  a: 

Feet 

FcH. 

FctL 

Feet. 

1,200 

0.0 

0.0 

0.0 

renueylvauia  Bide. 

1,100 

2.0 

5.2 

-3.2 

1,000 

9.5 

10.4 

—0.9 

000 

14.5 

15.3 

-0.8 

800 

21.5 

20.0 

+  1.5 

Feet 

700 

25.7 

24.4 

+1.3 

Mean  depth  nf  obaerred  eection . . . 

25. 3 

600 

28.0 

28.3 

-0.3 

Mean  depth  of  computed  Be<‘tion  . . 

25.5 

500 

32.0 

31.7 

+0.3 

Mean  chord  of  computed  eeciiou  . . 

.  1,560. 

400 

35.7 

34.6 

+1.1 

Mean  chord  of  obeerved  stn-tion  . . . 

.  1,53a 

300 

38.7 

37.0 

+1.7 

Sq./eel. 

200 

39.5 

38.6 

+0.9 

A  rea  of  observed  section . 

.  60,730 

100 

38,5 

39.6 

-l.l 

Area  of  computed  section . 

.  61,114 

0 

3&0 

40.0 

-2.0 

Mid-area  of  computed  section . 

0 

100 

38.0 

39.6 

-1.6 

Mid-area  of  observed  soctiou . 

-  2 

200 

38.5 

38.6 

—0.1 

300 

37.2 

37.0 

+0.2 

400 

34.5 

34.6 

-0.1 

N.  B. — The  plane  of  i-efci  euce  is  here  4  feet  I 

500 

81.5 

31.7 

—0.2 

above  mean  low  walei 

600 

27.5 

28.3 

-0.8  , 

700 

24.0 

24.4 

—0.4 

V  =  36  coa.  X  at  low  water  (nearly). 

800 

19.5 

20.0 

—0.5 

900 

14.5 

15.3 

—0.8 

1,000 

10.6 

10.4 

+0.1 

1, 100 

.0.5 

5.2 

+1.3 

1,200 

3.0 

0.0 

+3.0 

New  Jersey  eide. 

• 

The  second  figure  of  Diagram  0  illustrates  the  foregoing  table.  The  area  of  the  section,  61,000 
square  feet,  is  that  for  the  stage  of  maximum  ebb  current  j  reduced  to  mean  low-tide,  it  falls  to  almut 
51,000  square  feet  While  it  must  be  admitted,  from  the  near  approach  of  this  profile  to  the  arc  of 
a  circle  that  the  section  is  one  of  economy  from  a  physical  point  of  view,  in  the  interest  of  na\iga- 
tion  a  greater  width  with  less  maximum  depth  would  be  preferable  and  seems  from  an  inspection 
of  other  sections  to  be  admissible  without  incurring  the  danger  of  a  middle  ground.  In  using  our 
formulas  for  changing  widths  we  have  simply  to  regard  x  and  y  as  undergoing  reverse  variations,  the 
area  remaining  the  same. 

As  a  rule  the  surface  width  of  rivers  is  greater  than  the  law  of  the  curvature  of  the  sectional 
j>rofile  would  give,  because  the  waves  and  rains  break  down  the  shore.  But  in  alluvial  beds  the  river 
at  time  of  freshets  often  overflows  its  banks  and  by  this  relief  suffers  the  lower  portion  of  the  profile 
of  section  to  retain  the  form  impressed  upon  it  under  more  ordinary  conditions,  so  that  the  perma¬ 
nent  portion  of  the  water-way  does  not  represent  the  extreme  demand.  It  would  not  seem  wise  to 
restrict  a  river  to  the  dimensions  of  its  minimum  section,  however  perfectly  this  section  may  realize 
the  law  of  economy. 
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Mr.  Marindin  has  computed  for  me  the  average  gauge  from  his  entire  field  of  work,  extending 
from  Five-Mile  Point  to  the  mouth  of  the  Schuylkill,  and  furnishes  the  following : 

Surface  width,  3,645  feet. 

Mean  depth,  19.43  feet. 

Thalweg  depth,  39.50  feet. 

Sectional  area,  70,822  square  feet. 

Plane  of  reference,  4  feet  above  mean  low- water. 

Comparing  these  elements  with  those  given  in  the  previous  table  for  the  midway  section,  we 
find  that  the  width  is  50  per  cent,  greater,  while  the  mean  depth  is  24  per  cent,  less,  the  thalweg 
depth  much  the  same,  and  the  area  only  13  per  cent,  greater.  One  must  infer  from  these  figures 
that  the  straight  section  given  in  the  table  has  too  small  surface  width  and  too  great  mean  deptti, 
while  admitting  that  the  average  surface  width  is  considerably  greater  than  it  need  be.  An  inspec¬ 
tion  of  the  chart  shows  that  the  majority  of  the  sections  have  shallows  on  one  side  or  the  other 
which  augment  the  surface  width  without  anything  like  a  proportional  increase  of  section. 

It  is  CAudent  that  Mr.  Marindin’s  gauge  for  the  grand  average  would  not  yield  a  symmetrical 
profile  of  section,  because  neither  the  sine  curve  nor  the  ellipse  would  admit  of  the  coexistence  of 
such  elements;  but  they  yield,  as  might  have  been  expected,  the  form  characteristic  of  a  winding 
river,  produced  by  adding  to  the  sine  curve  the  sine  of  double  the  angle,  or  to  the  semi-ellipse  the 
sine  of  twice  the  eccentric  angle.  The  average  sec^tion,  then,  is  essentially  represented  by  Fig.  2  of 
Diagram  A,  but  actually  by  Fig.  4  of  the  same  diagram,  since  a  split  in  the  channel  is  character¬ 
istic  of  the  present  state  of  things,  although  not  essential. 

The  average  surface  width  of  the  river  for  the  ijortion  (within  the  limit  of  our  survey)  above 
Gloucester  Point  is  over  3,000  feet,  while  at  the  lower  end  of  the  course,  i.  c.,  at  Gloucester  Point 
itself,  the  width  seems  to  have  been  naturally  less  than  any  other  at  half  tide. 

We  are  not  now  prepared  to  state  what  would  be  an  julequate  mean  width  of  this  portion  of 
Delaware  River  under  a  system  of  artificial  embankments  or  improved  shores,  because  a  very  im¬ 
portant  consideration  is  to  be  given  to  the  question.  How  far  can  the  islands  in  the  river  be  reduced 
and  to  what  extent  can  the  shoals  bo  removed  1  To  narrow  the  river  where  now  excessively  broad, 
and  leave  the  shoals  to  the  mercy  of  the  temporarily  increased  flow,  would  be  simply  to  remove 
the  shoals  from  their  present  locations  to  jKiints  lower  down  in  the  pathway  of  na\igation,  where 
they  might  be  greater  sources  of  trouble  than  now. 

Of  course  it  will  be  understood  that  the  thalweg  depth  given  by  the  great  average  does  not 
imply  a  continuity  of  deep  water,  but  it  may  be  said  that  the  average  depth  of  19J  feet  implies 
the  practicjibility  of  securing  a  thalweg  depth  of  not  less  than  30  feet  at  half  tide,  and  the  possi¬ 
bility,  by  retrenchment  and  by  removal  of  obstructions,  of  maintaining  everywhere,  by  the  action 
of  the  currents,  a  continuous  channel  depth  as  great  as  the  heaviest  merchant-ships  may  requfre. 

The  next  tolerably  straight  reach  lies  between  Sections  XXXI  and  XXVIII,  and  we  may  take 
these  terminal  sections  as  samples  for  the  reach.  A  very  marke<l  feature  in  this  reach  is  a  middle 
ground,  which,  for  the  upper  section,  seems  to  be  a  continuation  of  Windmill  Island.  From  the 
tables  that  follow,  it  will  be  seen  that,  with  a  fundamental  circular  curve  whose  maximum  ordinate 
is  32  to  33  and  whose  surface  chord  is  2,200  to  2,400  feet,  we  have  been  able  to  insert  a  term  repre¬ 
senting  very  closely  the  middle  ground.  A  slight  bend  can  be  traced  in  Section  XXVIII,  which 
becomes  marked  in  XXXI. 

Between  the  sections  just  commented  upon  occurs  a  17  feet  shoal,  which,  I  think,  must  be  an 
obstacle  which  resists  the  scounng  action  of  the  stream.  This,  and  the  recently  extended  solid 
structures,  embankments,  &c.,  on  the  Pennsylvania  shore,  render  the  region  quite  unmanageable 
under  our  method  of  analysis — the  ettect  of  the  bend  being  much  obscured.  I  give  a  computation 
by  my  method  of  Section  XXXIV,  and  a  theoretical  curve  by  general  formula  for  the  mean  of 
Sections  XXXII,  XXXIII,  and  XXXR^ 


S.  Ex.  13 - 17 


Digitized  by 


130 


KEPOUT  OF  THE  SUPEUINTENDEKT  OF  THE 


SECTION  xxxrv. 


tlistance 

X 

Observed 
depth.  « 

Computed 

depth. 

Difference. 

Feet. 

Feet. 

Feet. 

Feet. 

1,100 

0.0 

0.0 

1,000 

5.0 

11.8 

-  6.8 

900 

20.0 

19.5 

+  0.5  , 

800 

24.9 

23,9 

-f  1.0  I 

700 

26.  0 

25.9 

+  0.  1  1 

600 

25.5 

26.3 

-  0.8  ! 

500 

27.5 

25.7 

-f  1-  8  j 

400 

25.5 

24.7 

-i-  0.8  1 

300 

24.0 

23.  8 

-f  0.  2  ' 

200 

23.5 

23.2 

+  0.3  1 

100 

21.2 

23.  2 

-L-.« 

0  1 

21.0 

j  24.0 

■  —  3.0  1 

100  1 

23.3 

1  25. 4 

1  -  2.  2 

2iK) 

28.2 

27.  5 

!  -f  0.7 

300 

31.6 

30.0 

-f-  1.6 

400  1 

34.8  1 

32.  5 

•i-  2.3 

500  I 

34.8 

34.7 

1  0.  1 

600 

:m.  2 

35.  9 

-  1.7 

700 

33.7 

35.6 

-  1.9 

800  1 

31.6 

3.3.0 

—  1.4 

900 

28.0 

27.2 

4-0.8 

1,000 

18.0 

17.2 

-f  0.8 

1,100 

12.7 

2.0 

+  10.7 

1,200 

6.2 

1,  300 

6.  0 

1,400 

ao 

Hemarks. 


Pi  iin8\  Ivsaia  side. 


Mean  depth  of  ohw'rred  section 
Mean  depth  of  computed  section  . .. 
Mean  chord  of  computed  section  . . . 
Mean  chord  of  observed  section _ 


Area  of  obserx’ed  soctiou  . 
An*H  of  compnted  section 


Mid-area  of  oluteixeil  sect  ion  . 
Mid-area  of  computed  section 


The  plane  of  refereuce  it  low-water. 


New  Jersey  side. 


FC4L 
22.6 
25.1 
1. 540 
1,624 

Sg./teL 

56,500 

55,506 

Feet, 
f  204 
d  150 


MEAN  OF  SECTIONS  XXXII,  XXXIII,  AND  XXXIV. 

•ill 


Distance 

X 

ObseTve^l 

depth. 

Compnted 

depth. 

Difference. 

Bemoiks. 

Feet. 

Feet. 

Feet. 

Feet. 

1,200 

2.5 

6.0 

—3.6 

Pennsylvania  side. 

1, 100 

9.1 

17.2 

-8.1 

1,000 

23.1 

23.8 

—0.7 

900 

28.3 

27.6 

+0.7 

800 

30.0 

20.0 

+1.0 

Feet. 

700 

29.2 

29.6 

—0.4 

Mean  depth  of  observed  section . 

21.2 

600 

27.3 

28.5 

—1.2 

Mean  depth  of  computed  section . 

26.0 

500 

25.5 

27.2 

—1.7 

Mean  chord  of  computed  section . 

.  1.656 

400 

24.5 

26.2 

-1.7 

Mean  chord  of  observed  section . 

.  1,644 

300 

24.5 

25.5 

-1.0 

Sq.feet 

200 

25.1 

25.2 

-0.1 

A  rea  of  observwl  section . 

.  65,790 

100 

27.0 

25.8 

+  1.2 

Area  of  computed  section . 

.  62,471 

0 

29.3 

27.  J 

+2.0 

lOU 

31.0 

29.2 

-i-2.  7 

Feet. 

•  200 

35. 1 

32.0 

-i  3. 1 

Mid-area  of  rompute<l  section . 

.  +  33 

300 

37.8 

34.9 

+  2.9 

Mid-area  of  observed  section . 

.  +  22 

400 

39.4 

37.0 

+2.4 

.500 

40.0 

38.2 

+  1.8 

600 

39.0 

38.5 

+  >.l 

The  plaue  of  reference  is  low- water. 

700 

37.4 

36.8 

4  0.6 

800 

32.3 

31.6 

4  0.7 

i 

900 

21.6 

22.5 

—0.9 

t 

1,000 

1.3.9 

9.7 

+  4.2 

New  Jersey  side. 

t 

1, 100 

7.4 

—10. 9  1 

. i 

1 

i 

1,200 

G.6 

1 

1,300 

3.4 

1 

1 

1,400 

2.8 

the  simple  fitting  of  a  smooth  curve  to  the  observed  profile  the  following  formula  is  uaed : 

_ „„  o  ,  2.568»af  +  48.4873?*  ~  0.08578  a?*  —  0.00006380 

y  —  27.2  + - — — - 
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SECTION  XXXI. 


a 

h 

d 

d 

d 

PiHtRnco 

Of  4  54® 

Observeil 

depth. 

Difference 

Remarks. 

* 

^  1100*-ir» 
1100* 

IKKH 

.oo:.93»oo*-^*ito 

1100* 

Comput6<l 

depth 

e  —  d 

y 

'  Feet. 

Feci. 

Feet. 

Feet. 

Feet. 

Feet 

Feet. 

1,100 

0.0 

-11.0 

0.0 

-11.0 

Pennsylvania  .side. 

1,0.50 

2  9 

-  2.9 

-1.1 

—  4.0 

0.0 

4  4.0 

1,000 

5.6 

f  3.3 

-2.1 

4  6.8 

9.1 

4  2.3 

cl 

900 

10.6 

11.1 

-3.5 

18.2 

21.0 

4  2.8 

800 

15.1 

13.9 

-4.5 

24.5 

25.0 

4  0.  5 

700 

19.0 

13.1 

-4.9 

27.2 

26.  5 

-  0.7 

If 

y  600 

22.5 

9.9 

-  5. 0 

27.4 

27.2 

-  0.2 

500 

25.  4 

5.4 

-4.7 

20. 1 

24.8 

—  1.3 

400 

27.8 

0. 5  ' 

-4.1 

24.2 

22.8  1 

-  1.4 

p  ^ 

300 

29.  G 

-  4. 1 

-3.3 

22. 2 

22.6 

4  0.4 

1  " 

200 

30.9 

-  -  7.  8 

-  2.3 

1  20.8 

22.0 

41.2 

■Si  ST 

g  ^ 

106 

31.7 

10.2  1 

-1.2 

20.3 

21.7 

i  -f  1*4 

P*  1 

0 

32.0 

-11.0 

0.0 

21.0 

21.7 

1  +  0.7 

ill 

100 

.31.7 

-10.2 

41.2 

22.7 

23.  5 

+  0.8 

200 

30.9 

-  7.8 

42.3 

2.5. 4 

25.  0 

-  0.4 

|Sl 

300 

29.6 

—  4.1 

43.3 

28.8 

26.  3 

-  2.5 

s  ^ 

400 

27.8 

“f"  •*  1 

44.1 

32.4 

20.  5 

—  2.9 

500 

25.4 

5.4 

,  44.7 

35.5 

32.1 

-  3.4 

600 

22.5 

9.9 

1  45.0 

37.4 

:t7.o  i 

-  0.4 

1  S» 

&  2 

700 

19.0 

13. 1 

1  44.9 

37.0 

38.0 

1  4  1.0 

Ir 

800 

15. 1  1 

13.9 

1  -f4.r> 

33.5 

30.0 

-  2.  5 

n 

900 

10.  6 

11.1 

43. 5 

25.2 

21.5 

-  3.7 

II 

1,000 

.5.  6 

3.3 

1  42.1 

11.0 

5.4 

—  5.6 

j  1,100 

0.0 

-11.0 

1  0.0 

-11.0 

2.1 

+  13.1 

New  Jer.^y  side. 

Mkih  «lepth  of  obHervwl  section  (at  menu  low- water) . .  20.  5  feet.  '  Aron  of  obaerve.i  section .  51, 760  sq.  feet. 

Mean  depth  of  compntecl  section .  23. 8  feet.  )  Area  of  computed  section . 52, 316  sq.  feet 

Mean  chord  of  computed  section .  1, 145  feet.  |  Mid-area  of  computetl  section.  .  -fl64  feet. 

Mean  chonl  of  observed  section .  1, 108  feet.  J  Mid-ni^a  of  observed  section .  4-121  feet. 

SECTION  XXyilT. 

FIRST  COMPUTATION. 


01>8erved 

depth. 

Compntetl 

Distance 

X 

depth 

y 

Difference. 

Remarks. 

Feet. 

Feel. 

Feet. 

Feet. 

1,150 

2.7 

0.0 

4  a? 

Pennsylvania  side. 

1,100 

7.8 

9.6 

—  1.8 

1,000 

ia4 

19.2 

-  0.8 

900 

21. 5 

24.0 

-  3.1 

Feet. 

800 

25.0 

27.4 

-  2.A 

Mean  depth  of  observed  section . 

700 

28.2 

28.0 

4  0.  2 

Mean  depth  of  computed  section . 

.  22.24 

600 

28.5 

27.6 

4  0.9 

Mean  chord  of  compnteKl  section . 

.  1,841 

500 

28.  2 

26.4 

4  1.8 

Mean  chord  of  observed  section . 

.  1, 743 

400 

27.0 

24.7 

4  as 

Sq./eet. 

300 

25.6 

23.4 

4  a2 

Area  of  observed  section . 

200 

24.1 

1  22.0 

4  2.1 

Area  of  computed  section . 

. .  55,555 

100 

22.3 

21.5 

4  0.8 

FcH. 

0 

21.6 

21.5 

4  0.1 

Mid-area  of  computed  section . 

.  4  57 

100 

20.8 

22.1 

-  1.3 

Mid -area  of  observed  sect  ion . 

.  4  34 

200 

22.5 

23.4 

—  0.9 

300 

25.0 

25.4 

-  0.4 

Formula  for  computed  curve; 

21.5  ,  _  4x*  (1150* -a^*) 

„  2  a  i/ll50*-flr*^' 

400 

26.4 

27.3 

—  0.9 

IIWP 

+  2  1150* 

500 

29.0 

29.4 

-  0.4 

600 

30.6  1 

3L2 

—  0.6 

700 

31.6 

32.0 

-  0.4 

800 

31.6 

31.4 

4  0.2 

900 

27.3 

2a4 

—  1.1 

1,000 

18.0 

22.6 

-  4.6 

1, 100 

8.7 

11.8 

-  ai  , 

1, 150 

as 

0.0 

4  3.6 

New  J ersey  side. 
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REPORT  OF  THE  SUPERINTENDENT  OF  TitE 
SECTION  XXVIII— Continued. 

SECOND  COMPUTATION. 


Distance 

X 

■ 

Observed 

depth. 

Computed 

depth 

S' 

Difference. 

Remarks. 

Feet. 

Feet. 

Fret. 

Feet. 

1,200 

2.7 

0.0 

+  2.7 

New  Jersey  shore. 

1,100 

9.0 

8.2 

-f-  0.8 

1,000 

18.  0 

1.5.9 

f  2. 1 

900 

27.5 

22.  2 

+  5.3 

800 

31.5 

26.  8 

-f  4.7 

Formula  for  computed  depth  : 

700 

31.  5 

29.  7 

+  1.8 

y  ^  32  eo9  jr  +  sin  2  ir  -  10  cos  3  x 

600 

30.6 

80.7 

-  O.l 

500 

29.0 

30.  2 

~  1.2 

400 

26.4 

28.5 

—  2.1 

300 

25.0 

26.5 

-  1.5 

200 

1  22. 5  ! 

24.3 

-  1.8 

Feet 

100 

20.8 

22.  7 

-  1.9 

Mean  depth  of  ob-servetl  section . 

.  23. 02 

0 

21.6 

22.0 

-  -  0.4 

Mean  depth  of  computed  section . 

.  45 

100 

22.3 

22.  3 

0.0 

Mean  chord  t»f  C/omputed  section . 

.  1,753 

200 

24.0  ' 

!  23.3 

f  0.7 

Mean  chord  of  ob8er>'ed  section . 

.  1,793 

300 

25.7  1 

25. 1 

+  0.6 

Sq.  feet 

400 

27.  1 

26.9 

-j-  0.2 

Area,  at  low- water,  of  observed  section  . 

.  55,280 

500 

28.2 

28.3 

—  0. 1 

Area,  at  low-w.ater,  of  computed  section . 

.  53,880 

600 

28.5 

28.7 

-  0.2 

Feet. 

700 

28.2 

27.8 

-i-  0.4 

Mid  area  of  computed  sect  ion . 

.  —  93 

800 

25.0 

2.5.2 

—  0.2 

Mid-area,  of  observed  section . . . 

.  -  93 

900 

21.5 

20.8 

4-0.7 

1,000 

18.3 

14.9 

+  3.4 

1,100 

9.0 

7.8 

+  1.2 

1,200 

0.0 

0.0 

0.0 

Pennsylvania  shore. 

THIRD  COMPUTATION. 


—  "  - 

_  , 

1,200 

2.5 

—11.0 

13.5 

New  Jersey  side. 

1,100 

9.0 

6.2 

+  2.8 

1,000 

18.0 

17.8 

-f  0.2 

900 

27.5 

25.4 

+  2.1 

Formula  for  computed  curve : 

800 

700 

31.6 

31.6 

29.1 

30.6 

+  2.6 

4- 1.0 

y  -  JJ  12(M)»  +  "  laio*  “ 

600 

30.6 

30.3 

4  0.3 

500 

29.0 

2a6 

4-  0.4 

400 

26.5 

26.9 

-  0.4 

300 

35.0 

25.0 

0.0 

200 

22.4 

23.5 

-  a 

100 

20.8 

22.4 

-hii 

0 

21.7 

22.0 

-  0.3  7 

100 

22.3 

22.4 

-  0.1^ 

200 

24.0 

23.5 

4  0.5 

300 

25.6 

25.0 

4  0.6 

400 

27.1 

26.9 

4  0.2 

500 

28.2 

28.6 

-  0.4 

600 

28.4 

30.3 

-  LO 

700 

28.2 

80.6 

-  2.4 

800 

23.  0 

29.1 

—  4.1 

900 

2L5 

25.4 

-  3.9 

1,000 

las 

17.8 

4-0.5 

1,100 

10.0 

6.2 

4-  3.8 

1,200 

0.0 

— ILO 

411.0 

PennsylvaniA  side. 

t 
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The  frontage  of  Philadelphia  from  Section  XXX  (just  above  Greenwich  Point  Salt-works)  to  a 
point  near  Section  XIII,  opposite  Cooper’s  Point,  lies  on  the  arc  of  a  circle  of  16,200  feet  radius  for 
a  chord  distance  16,498  feet.  Just  at  the  end  of  this  curve  a  sharper  turn  occurs,  which  is  succeeded 
for  some  distance  beyond  by  a  nearly  straight  line  of  frontage.  In  the  neigliborhood  where  the 
greatest  bend  occurs  we  have  large  values  for  our  coefficient  of  the  second  term  in  our  forimihi. 
Sections  XIV  and  XVI  lie  in  this  neighborhood,  and  each  gives  15  as  the  bend  coefficient,  which  is 
the  largest  that  we  have  used.  From  each  of  these  sections  considerable  portions  have  been  cut 
off  by  wharves;  but  it  will  be  readily  a<bnitte<l  that  the  computed  curve  must  restore  something 
like  the  original  slope.s  over  which  the  wharves  were  built,  if  these  structures  have  not  greatly 
changed  the  channel. 

Although  these  sections  are  about  1 ,409  feet  apart,  the  formulas  that  satisfy  them  are  nearly 
the  same,  viz :  y  =  29  sin  a  -|-  15  sin  2a  +  10  sin  3a  —  3  for  Section  XIV,  and  y  =  29  sin  a  +  15  sin 
2a +  15  sin  3a  — 2  for  Section  XVI;  the  third  term,  due  to  the  shoal  extending  from  Windmill 
Island,  being  larger  as  that  island  is  approached.  For  each  of  these  expressions,  .r  =  1250  cos. a; 
but  the  resulting  surface  width  is  less  than  2,500  feet. 

It  is  not  a  purpose  of  this  repoi*t  to  comment  upon  what  structures  may  be  charged  with  being 
encroachments  upon  the  stream,  because,  at  the  present  stage  of  the  inquiry,  we  are  not  fully  pre¬ 
pared  to  distinguish  them  individually,  but  examples  are  given  to  indicate  the  manner  of  this  kind 
of  inquiry.  Until  the  new  soundings  over  the  whole  river  bed  are  compared  with  those  of  earlier 
surv^eys,  we  cannot  prox>erly  connect  cause  and  effect. 

From  the  examples  which  follow  it  will  be  seen  that  the  depth  of  the  fundamental  curve  has 
been  found  to  be  considerably  smaller  at  Sections  XIV  and  XVI  than  at  the  straight  reach  near 
Gloucester. 


SECTIOX  XVI. 


Distance 

X 

Observed 

depth. 

Compate<I 

depth. 

Difference. 

Kemarks. 

Feet 

FseL 

Feet. 

Feet. 

1,260 

—  2.0 

1,200 

V  ^Vharf.  < 

25.2 

Formula  for  computed  curve: 

1, 100 

39.5 

39.4 

-fO.1 

29  Hill  a  f  15  Bin  2a  +  15  ain  3a  —  2 

1,000 

46.8 

44.5 

-i-2..3 

coa  a  — 

900 

46.0 

44.6 

+  1.4 

1250 

800 

47.0 

42.0 

+»».  0 

700 

42.0 

39.0 

+ao 

COO 

36.0 

35.0 

+1.0 

600 

30.0 

30.6 

—0.6 

400 

26.0 

25.6 

-fO.4 

300 

22.0 

22.2 

-0.2 

200 

19.5 

18.4 

-fhl 

Feet 

100 

14.0 

14.6 

—0.6 

Mean  depth  of  computed  curve .  20.5 

0 

4.0 

12.0 

-ao 

Mean  chord  of  computed  curve .  1,172 

100 

3.5 

10.0 

-6.5 

Sq.feet 

200 

5.0 

9.0 

-4.0 

Area  of  computed  curve . 5i,890 

300 

ao 

8.0 

-2.0 

400 

8.5 

8.5 

0 

FeeL 

Mid-area  of  computed  curve .  —  581 

600 

10.3 

ac 

+1.7 

600 

1L8 

9.8 

+2.0 

700 

12.6 

11.0 

+1.6 

800 

lao 

12.0 

+0.4 

000 

-15.5  . 

14.0 

+1.5 

1,000 

13.6 

15.7 

-2.1 

1,100 

15.0 

14.2 

+0.8 

1,180 

Wharf, 

1,200 

9.0 

1,260 

—  2.0 
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SECTION  XIV. 


Distance 

X 

Observed 

depth. 

Compnted 

depth. 

■ 

Difference. 

Renuirks. 

Feet, 

Feet 

Feet 

Feet 

1,250 

Wharf. 

—  3.0 

1.200 

26.3 

20.0 

+&3 

Foruiiilft  for  computed  curve: 

1,100 

32.0 

33.0 

-1.0 

y  -29  sin  a  \  15  sin  2  a  \  10  8iu3a  — 3 

1.000 

37.0 

39.0 

—2.0 

900 

41.0 

.39.0 

H-2.0 

800 

41.  .5 

39.0 

•  -t2.5 

700 

36.0 

37.0 

-1.0 

600 

30.  5 

34.0 

-3.5 

500 

25.0 

31.5 

—6.  5 

Feet.  I 

400 

22.  7 

27.0 

-4.3 

Mean  depth  of  computed  curve .  19.4' 

300 

22.  7 

25.0 

-2.3 

Menu  choid  of  computed  curve .  1,256 

200 

23.  6 

21.0 

4  2. 6 

100 

19.2 

18.0 

4  1.2  ' 

Sq.feet 

0 

19.  .5 

16.  0 

4  3.  5 

Area  of  computed  curve .  48,590 

100 

18.  G 

13.  5 

4  5.1 

Mid  :uea  of  computed  curve . -.625  feet 

200 

13.  2 

11.5 

1  1.7 

300 

7.8 

11.0 

-.3.2 

400 

8.0 

1  9. 5 

-1.5 

500 

8.7 

!  9. 5 

-0.8 

600 

9.0 

8.8 

4  0. 2 

700 

8.4 

9.0 

-0.6 

1 

800 

7.3 

1  9.6 

—2.3 

900 

0.5 

9.0 

-2.5 

1,000 

4.0 

10.0 

-6.0 

1 

1,100 

4.2 

8.0 

-3.8 

1,200 

4.0 

4.0 

0.0 

1,250 

2.8 

-  3.0 

+5.8 

One  conclusion  from  the  foregoing  must  he  that  the  fundamental  curve,  which  had  a  depth  of 
thirty-six  feet  at  Gloucester,  has  shrunk  to  one  of  thirty  feet  at  Kensington. 

At  Windmill  Island  we  have  the  river  completely  separated  into  two  channels  while  preserving 
something  like  its  characteristic  form  of  section  as  a  whole.  One  can  easily  see  how  Section  XVI 
degenerates  into  Section  XXI  as  the  middle  ground  rises  to  be  an  island.  It  is  worthy  of  notice 
that  in  the  eastern  channel,  l)etween  Windmill  Island  and  the  New  Jersey  shoie,  the  de^^p  water 
is  nearer  the  western  shore,  although  the  locjil  curvature  is  concave  to  the  eastwanl;  showing  that 
these  two  channels  reflect  in  their  mold  the  centrifugal  force  of  the  great  curve  just  referre<l  to. 
(See  Diagram  D.) 

'  SECTION  XXI. 


EAST  CHANNEL. 


Distance 

X 

Ohserve<l 

depth 

L.  W. 

Computed 

depth 

V 

Difference. 

Remarks. 

Feet 

Feet 

Feet 

Feet 

4.0 

0.0 

+4.0 

Windmill  Island  side. 

700 

6.0 

4.6 

+  L4 

600 

7.5 

9.8 

-2.3 

Formula  for  computed  curve : 

500 

12.6 

14.0 

-1.4 

'  y  =  21.7  cos  «  — 4  cos  2  (*  — 100)  +  1  I 

400 

17.2 

17.0 

+0.2 

300 

18.2 

18.7 

-0.5 

Mean  depth  of  observed  section . . . 

12. 2  feet. 

200 

19.6 

19.7 

-0.1 

Mean  depth  of  computed  section.. 

12. 3  feet. 

100 

19.2 

19.6 

+0.4 

Area  of  computed  section . 

20,022 

square  feet. 

0 

17.3 

19.1 

—1.8 

Area  of  observed  section . 

20,396 

square  feet. 

100 

17.0 

18. 1 

-1.1 

Mean  chord  of  observed  section . . . 

1,064 

feet. 

200 

16.3 

10.9 

-0.6 

Mean  chord  of  computed  section  . . 

1,086 

feet. 

300 

15.0 

15.4 

-0.4 

Mid-area  of  compnted  section . 

-  36 

feet. 

400 

13.0 

1.3.7 

-0.1 

Mid-area  of  ohserveil  section . 

-  45 

feet. 

500 

12.0 

11.2 

+0.8 

600 

a2 

8.3 

-0.1 

700 

2.7 

4.G 

-1.0 

800 

1.7 

0.1 

+L6 

1 

New  Jersey  aide. 
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I)itiaDC«. 

X 

Observed 

depth 

L.  W, 

Computed 

depth 

y 

Difference. 

Remarks. 

Feet. 

Feet 

Feet. 

Feet. 

600 

17.0 

0.0 

+  17.0 

rcnnsylvaiiia  side  in  slip. 

400 

20.6 

23.3 

-  2.7 

Eormula  for  computed  curve : 

300 

41.0 

40.1 

+  0.0 

y  =  50.5  cos  x  -f-  7  sin  2a; 

—  4  cos 

:.x 

200 

51.2 

48.6 

+  2.6 

Mean  depth  of  observed  section. .. 

30.5 

feet. 

100 

48.7  1 

40.8 

-  LI  1 

Moan  depth  of  computed  section  . . 

29. 8  feet. 

0 

46.0 

46.5 

—  1.5  1 

Area  of  computed  section . 

32,  750 

square  feet. 

100 

40.3 

41.6 

—  1.3  1 

Area  of  observed  section . 

3:1,530 

square  feet. 

i 

Mean  chord  of  observed  section . . . 

677 

feet. 

200 

33. 0 

35. 4 

-2.4  1 

Mean  chord  of  computed  section  . . 

631 

feet. 

300 

25.0 

26.9 

—  1.9  ! 

Mid-.*trea  of  computed  section . 

-+  46 

feet. 

400  1 

,17.0 

15.3 

+  1.7  ! 

Mid-area  of  observed  section . 

-  55 

feet. 

500  •  j 

10. 0 

0.0 

-flO.  0  1  Wiudiuill  Island  side. 

Windmill  Island  has  evidently  been  an  obstnietion  to  which  the  river  has  accommodated  itself, 
and  18  not  a  middle  ground  deposited  voluntarily  by  the  stream.  It  would  be  possible,  from  the 
elements  of  this  and  other  sections,  to  predict  the  form  of  section  that  would  accommodate  the 
stream  in  the  absence  of  this  obstruction  and  one  that  the  stream  would  preserve. 

Other  examples  are  also  given  of  the  manner  of  smoothing  out  the  observed  profile  by  deter¬ 
mining  a  formula  for  it.  And  here  I  beg  leave  to  repeat  that  aside  from  any  theory  of  the  essential 
form  of  section  as  represented  by  formulie,  the  advantage  of  ascertaining  a  fitting  curve  for  each 
section  lies  in  determining  the  essential  elements  under  existing  conditions,  i.  e.,  the  essential  8urfa4ie 
width,  the  positions  of  the  virtual  shore  lines  and  thalweg,  the  mean  depth  and  thalweg  depth,  from 
all  the  soundings  made,  while  at  the  same  time  eliminating  all  mere  accidents  and  errors  of  obser¬ 
vations.  The  formula  furnishes  the  type  form  about  which  any  sectional  profile  is  oscillating  and 
toward  which  it  tends. 
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SECTION  XLIV. 


nintance 

X 

Observed 

depth 

J  tide. 

Computed 

depth 

y 

Difference. 

Remarks. 

Feft. 

Feet. 

Feet 

Feet 

1,350 

3.5 

0.0 

^.5 

Pennsylvania  side. 

1,300 

7.8 

13.7 

-5.9 

1,200 

18.5 

22.0 

-3.5 

1, 100 

25.9 

26.2 

-0.3 

1,000 

27.  5 

28.7 

-1.2 

IKK) 

29.5 

30.2 

-0.7 

800 

30.2 

31. 1 

-0.9 

Ob.servfHl  curve  from  original  plotting. 

700 

30.  G 

31.4 

-0.8 

Fouiiila  for  eompnted  curve: 

600 

31.1 

31.5 

-0.4 

—  4»» 

500 

31.5 

31.5 

0.0 

1450*'  ^ 

400 

30.6 

31.4 

-0.8 

Feet 

300 

29.  7 

31.2 

-  1.5 

Mean  depth  obHcrved  sect  ion . 

22.6 

200 

29.7 

31.0 

Mean  depth  of  ciunpute<l  section. ... 

2a  6 

100 

30.  5 

31.0 

-  0.  5 

Mean  chord  of  (Mmipute<l  section _ 

.  2,443 

0 

31.5 

31,0 

10.  5 

Mean  eU<»i  d  of  observed  8«H'tion . 

.  2,301 

100 

32.0 

31.0 

t  1.0 

Sq.  feet 

200 

32.  9 

31.0 

1  il.9 

Area  i»f  observed  section . 

..  78,690 

300 

33.5 

31. 2  1 

f2.3 

Aren  of  compuli^d  section . 

..  77,280 

400 

3.3.  5 

31.4 

1  13.1 

Feet. 

500 

33.6 

31.  5 

4  2.1 

Mid  area  of  computetl  se<’tion . 

0 

♦iOO 

33. 5  j 

31.5  1 

i  +2.0 

Mid  area  of  observed  section . 

..  +  72 

700 

j  33. 5  j 

31.4 

+  2.1 

800 

32.  0 

31. 1  ! 

4  0.9 

900 

30.  6 

30. 2  ! 

+  0.4 

1,000 

28.  4 

28. 7  i 

-0.3 

1,  100 

21.  6 

1  26. 2  ’ 

-4.6 

1,200 

13.0 

[  22. 0 

-9.0 

1,300 

8.  <  j 

13.7 

.  —5.  0 

1,350 

8.0 

0.0 

-ao 

1,  400 

7.  5 

[ 

1,  500 

6.2 

1 . . 

j . 

1,  600 

4.  6 

i 

1,  700 

3.  5 

1,  KK) 

3.  3 

1,  900 

3.  0 

2,  t»00 

1.0 

New  Jersey  side. 

In  a  future  report  I  hope  to  show  a  codification  of  the  pheuomeua  revealeil  by  the  current  ob¬ 
servations,  which  present  much  confusion  at  present,  but  which  will  doubtless  be  more  comprehen¬ 
sible  after  the  hydrogi’aphical  sheets  are  compared. 

I  beg  leave  to  call  your  attention  to  a  distinction  among  the  tables  of  this  report,  which  is 
intentional.  Those  which  appear  within  the  text  are  illustrative  of  the  new  method  of  ti'eatment, 
which  is  an  attempted  step  beyond  the  original  plan  of  our  work  represented  by  the  tables  placed 
after  the  text. 

Among  the  last  of  the  appended  tables  will  be  found  one  entitled  ‘‘  Locus  of  the  center  of  the 
cross-section,”  in  Avhich  I  have  had  the  line  passing  through  the  center  of  gravity  (if  I  may  so  term 
it)  of  every  section  referred  to  rectangular  co-ordinates  and  the  radii  computed  by  successive 
difierences.  « 

I  have  purposely  avoided  making  any  suggestion,  touching  improvonentSj  in  this  preliminary 
report. 

This  report  is  accompanied  by  four  Dynamic  charts”  (on  too  elaborate  a  scale  for  publication), 
showing  profiles  of  sections,  &c.  (from  the  same  data  that  appear  in  the  annexed  tables),  plotted 
upon  plans  of  the  river  furnished  from  the  surveys  of  Messrs.  McCorkle  and  Bache,  of  the  Coast  and 
Geodetic  Surv^ey. 

HBNKY  MITCHELL, 

Coast  and  Geodetic  Survey. 
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Sections. 

Distance  from  orig;in. 

Flood. 

Ebb. 

Bemarks. 

|i 

ll 

Ilf 

a-® 

Depth  (at  lime  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  moan 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Feet  per  gcc. 

FccL 

Feet  per  sec. 

Feet. 

Roction  1 . 

0 

0.00 

0.55 

0.00 

—  0.20 

Position  of  origin  of  section  (mean  low-water,  Pennsylva- 

100 

1.34 

a  15 

1.44 

-f  5.40 

nia  shore) :  Latitnde,  39°  W  06".l ;  longitude,  75°  04' 

200 

1.83 

1L55 

2.06 

10.80 

24".2. 

300 

2.11 

17.55 

2.35 

laso 

400 

2.33 

ia25 

2.42 

15  50 

500 

2.53 

13.  75 

a48 

laoo 

600 

2.74 

ia35 

2.52 

11.60 

700 

2.87 

9.65 

a  62 

a90 

800 

2.87 

9.25 

2.76 

a  50 

OOU 

2.77 

10.25 

ao2 

aso 

Area  of  section:  Flood,  51,825  square  feet;  ebb,  49,022 

1,000 

2.72 

11.85 

a  31 

11. 10 

square  feet. 

1,100 

2.67 

14.85 

3.54 

14.10 

Mid-area  (or  distance,  from  the  origin,  of  a  vertical  line 

1,200 

2.64 

23,65 

3.57 

2a  90 

which  divides  the  section  into  two  equal  areas)  — 1,590  feet. 

1,300 

2.64 

26.05 

3.67 

25.30 

Mid-volume  (or  distance,  from  the  origin,  of  a  vortical 

1,400 

2.72 

2a  35 

3. 55 

27.60 

line  which  divides  the  volume  passing  through  the  section 

1,500 

2.83 

3^65 

3.65 

31.90 

into  two  eqool  parts)  aflood,  1,613  feet;  ebb.  1,575  feet. 

1,600 

2.78 

37. 15 

3.45 

36.40 

1,700 

2.56 

3a05 

a22 

38.20 

Plane  of  reference  for  depths  above  mean  low- water; 

1,800 

2.67 

40.25 

a  16 

35  50 

Maximum  flood,  4.75  feet ;  maximum  ebb,  4  feet. 

1,000 

3.05 

4^25 

3.09 

41.60 

2,000 

3.11 

37.05 

2.95 

35  30 

2,100 

3.08 

20.25 

a  77 

25  50 

2,200 

2.06 

21. 55 

a53 

20.80 

2,300 

2.68 

iao5 

2.14 

15  30 

2,400 

2.05 

a85 

1.53 

a  10 

2,500 

0.00 

3.05 

0.00 

2.30 

[tude,  76®  04'  00".4..^ 

2,550 

0. 75 

0.00 

Position  of  end  of  section:  Latitnde,  39^  58'48".9;  longi-! 

Section  2 . 

10 

0.00 

0.00 

0.00 

0.00 

Position  of  origin  of  section:  I«atitude,  39<’  W  58".6;  lon-j 

20 

0.00 

a  15 

0.00 

1.40 

gitude,  750  04'  52".5 

100 

1.77 

5.15 

0.46 

4.40 

200 

2.25 

5.45 

1.19 

4.70 

300 

2.36 

6.75 

1.65 

aoo 

/ 

400 

2.42 

8.95 

1. 70 

5  20 

500 

2.48 

10.  35 

L89 

9.60 

600  ' 

2.55 

10.35 

1.95 

560 

700 

2.60 

a95 

ao3 

9.20 

800 

2.76 

11.25' 

aoo 

10.«> 

000 

2.92 

j  ia25 

a2o 

15  50  ^  . 

1,000 

3.08 

21.25 

2.31 

20.50j»^ 

1, 100 

a  15 

28.25 

2.43 

2a60  ' 

1,200 

a  17 

2a05 

a  51 

25  80 

1,300 

3.17 

21.  75 

2.61 

2L00 

1,400 

a  13 

19.55 

a  45 

15  80 

1,500 

a  01 

17.15 

a36 

1540 

1,600 

ZS7 

ia55 

a  31 

15.80 

1,700 

a67 

15.06 

2.25 

14.30 

1,800 

2.50 

11. 16 

a2o 

10.40 

1,000 

1.03 

7.36 

2.56 

560 

2,000 

1.76 

7. 75 

a88 

7.00 

2,100 

1.79 

11.45 

ao3 

10.70 

2,200 

a  15 

ia55 

8.02 

15  60 

2,300 

aao 

2a05 

a  10 

2580 

S.  Ex.  13 - 18 
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DELAWAEE  EIVEE— Continued. 

« 

Transverse  curves  of  velocity ^  and  perimeters — Coutinued. 


Sections. 

d 

"E 

o 

1 

« 

o 

a 

2 

Q 

Flood. 

Ebb. 

Maximnm  velocity 
(rednced  to  mean 
tide). 

Depth  (at  time  of 
raaxironm  veloc¬ 
ity). 

•1  * 

J  s 

o  o 
>  -S 

s  || 

% 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Bemarka. 

Feet  per  tee. 

Feet. 

Feet  per  tee. 

Feet. 

Section  2— Cont'd. 

2.  400 

2.85 

26.15 

3.13 

25.40 

2,500 

2.20 

28.35 

3. 10 

27.60 

2,  600 

2.11 

25.25 

3.06 

24.50 

2,  700 

2.  05 

20.76 

3. 05 

20.00 

2,800 

2.  02 

17.95 

3.02 

17.20 

2, 900 

2. 01 

17.25 

3.00 

16.50 

3,000 

1.99 

17.05 

3.00 

16.  30 

3, 100 

1.95 

17. 15 

2.90 

1&40 

3,200 

L84 

17.25 

2.69 

16.50 

3,300 

1. 70 

17.25 

2.44 

16.50 

3. 400 

1.59 

17. 05 

2. 22 

16.  30 

3,500 

1.45 

17.  05 

2.06 

16  30 

Area  of  section :  Flood,  76, 172  square  feet ;  ebb,  71,822. 

3,600 

1.32 

16.85 

1.90 

16. 10 

3,700 

1.17 

16. 55 

1.75 

15.80 

Btjuare  feet. 

3,800 

1.04 

17.75 

1.58 

17.00 

Mid-area  —  flootl,  2,575  feet ;  ebb,  2,585  feet. 

3,000 

0.90 

16.85 

1.38 

16. 10 

4,000 

0.74 

15.85 

1. 19 

15.10 

4,100 

0.58 

14.75 

0.95 

14.00 

Mid- volume:  Flood,  1,841  feet;  ebb,  2,404  feet. 

4,200 

0.41 

10.75 

0.03 

10.00 

4,300 

0.23 

6.65 

0.33 

5.90 

4,400 

0.00 

6.25 

0.00 

5.50 

Pl.onc  of  reference  for  depths  above  mean  low.\rater;‘ 

4,500 

0.00 

6.05 

0.00 

5.30 

1  Maximum  flood,  4.75  feet;  maximum  ebb,  4  feet. 

4,600 

0.00 

5.05 

0.00 

5,20 

4,700 

0.00 

5. 75 

0.00 

5,00 

j 

4,800 

0.00 

6.85 

0,00 

5. 10 

4,900 

0.00 

5.85 

0.00 

5.10 

5,000 

0.00 

5.85 

0,00 

5.10 

5,100 

0.00 

5.85 

0.00 

5.10 

6,200 

0.00 

6.05 

0.00 

5.30  . 

5,300 

0.00 

6.15 

0.00 

5,400 

0.00 

6.15 

0.00 

5.40 

5,600 

0.00 

6.55 

0.00 

5.80 

6,600 

0.00 

6.65 

0.00 

5.90 

6,700 

0.00 

6.56 

0.00 

5.80 

5,800 

0.00 

2.75 

0.00 

2.00 

(tnde,  750  04'  12".6. 

5,820 

0.00 

0.75 

0.00 

0.00 

Position  of  end  of  section :  Latitude,  39°  58'  04".8 ;  longi- 

Section  3 . 

14 

0.00 

0.00 

0.00 

0.00 

Position  of  origin  of  section :  Latitude,  39®  58'  46".l ;  longi* 

15 

0.00 

4.10 

0.00 

3.35 

tilde,  75°  05'  22".9. 

100 

0.00 

4.25 

6.00 

3.50 

200 

0.45 

4.65 

0.00 

3.90 

300 

0.82 

5.55 

0.25 

4.80 

400 

L13 

6.55 

0.52 

5.80 

500 

1. 41 

7.25 

0.82 

6.50 

600 

l.Gl 

7.85 

1.05 

7.10 

700 

1.74 

a85 

1.82  1 

I  a  10 

Mid-area— flood,  2,664  feet ;  ebb,  2,649  feet. 

800 

1.86 

10.95 

1.60 

ia2o 

900 

1.97 

15.55 

2.12 

14.80 

1,000 

2.15 

25.25 

2.52  1 

1  24.60 

Mid-volume :  Flood,  2,254  feet ;  ebb,  2,625  feet. 

1, 100 

2.36 

29.05 

1  2.72 

29.20 

1,200 

2.60 

31. 05 

2.81 

30.80 

1,300 

2.78 

30.65 

2.81 

29.90 

1,400 

2.83 

29.15 

2.42 

2^40 
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DELAWAEE  RIVEE — Continaed. 
Transverne  curves  of  velocity^  md  perimeters — Continued. 


St'Ctlong. 

d 

Tc 

o 

S 

« 

o 

a 

C3 

r 

5 

Flood. 

Ebb. 

Bemarica. 

>>  a 

X,  « 

®  s 

>  o 

a 

3  « 

•5  ?  i; 

S  £  3 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Feet  per  see. 

Feet 

Feet  per  sec. 

Feet. 

Section  3 — Cont'd . 

1,500 

2.85 

27.65 

1.85 

26.90 

1,600 

2.82 

24. 15 

1.79 

28.40 

1,700 

2.  71 

15.  75 

1.82 

1.5.00 

1,800 

2.51 

0.5,5 

1.8.5 

5.  80 

1,900 

2.20 

6.05 

1.89 

5,90 

2,000 

1.99 

7.35 

1.94 

6.60 

2,100 

1.79 

9. 25 

2.  02 

8.50 

2,200 

1.  76 

11.  35 

2. 20 

10.60 

2,300 

1  1.82 

14.  25 

2.  ,38 

13.50 

2,400 

1.04 

15.  a5 

2.50 

15.10 

2,500 

2.08 

15.95 

2.71 

15.20 

2,600 

2.17 

13.45 

2.79 

12.70 

2, 700 

2.17 

13.  25 

2.79 

12.50 

2,800 

2.17 

11.45 

2.79 

10.70 

2,000  . 

2. 17 

a95 

2.79 

8.20 

3,000 

2.17 

9.25 

2. 79 

8.50 

3, 100 

2.17 

11.25 

2.79 

10.50 

3,200 

2.17 

13.35 

2.79 

12.60 

3,800 

2.18 

14. 15 

2.79 

13.40 

3,400 

2. 18 

14.65 

2.65 

laoo 

Area  of  section:  Flood,  77,806  square  feet;  ebb,  73,447 

3,500 

2.19 

15.25 

2.53 

14.50 

square  feet. 

3,600 

2.19 

16.95 

2.48 

16.20 

3,700 

2.19 

ia35 

2.48 

17.60 

Pline  of  reference  for  depths  above  mean  low- water :  Maxi¬ 

3,  800 

2. 19 

19.05 

2,  49 

18.30 

mum  flood,  4.75  feet ;  maximum  ebb,  4  feet. 

3,900 

2.19 

20.55 

2.52 

10.80 

4,000 

2. 17 

21.35 

2.60 

^.60 

4, 100 

2.11 

21.  05 

2.62 

20.30 

4,  200 

1.98 

20.95 

2.60 

20.20 

4,300 

1.85 

19.95 

2.55 

19.20 

4.400 

1.65 

17.25 

2,41 

16.50 

4,500 

1.35 

14.85 

2.24 

14.10 

4,600  1 

1. 01 

9.35 

1.92 

&60 

4,700 

0.63 

6.55 

1.35 

5.80 

4,800 

0.32 

6.25 

0.77 

5.50 

4,000 

0.00 

6.25 

0.00 

5.60 

5,000 

0.00 

6.25 

0.00 

5.50 

5,100 

0.00 

6.25 

0.00 

5.50 

5,200 

0.00 

6.25 

0.00 

5.50 

5,300 

0.00 

6.65 

0.00 

5.90 

* 

5,400 

0.00 

7.05 

0.00 

6.30 

5,500 

0.00 

6.95 

0.00 

6.20 

5,600 

0.00 

6.95 

0.00 

6.20 

5,700 

0.00 

6.85 

0.00 

a  10 

I 

5,800 

0.00 

5.85 

0.00 

6.10 

(tude,  760  04'  58".4. 

1 

1 

5,000 

0.00 

3.25 

0.00 

2.50 

Position  of  end  of  section:  Latitude,  39®  57'  50".7;  longi- 

Section  4  (north 

10 

0.00 

0.00 

0.00 

0.00 

1  Positionof  origin  of  section:  Latitude,  39®  SS' 41".3 ;  longi¬ 

I  chsnnel). 

20 

0.00 

3.25 

0.00 

2.50 

tude,  76®  OS'  50".0. 

1 

100 

0.00 

3.25 

0.00 

2.50 

200 

0.00 

3.25 

0.00 

2.50 

300 

0.00 

8.25 

0.00 

2.50 

400 

0.00 

3.75 

0.00 

aoo 

DOO 

0.G0 

6.25 

0.80 

1  4.50 
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REPORT  OF  THE  SUPERINTENDENT  OP  THE 


DELAWARE  RIVER — Continued. 


Transverse  curves  of  velocity,  and  perimeters — Continued. 


Sections. 

4 

'C 

o 

1 

g 

1 

CO 

5 

Flood. 

Ebb. 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

'1 
a  > 

3  'g  ~ 

^  a- 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
roaximnm  veloc- 
i«j). 

Feet  per  se.i-. 

Feet 

Feet  per  tee. 

Feet 

Section  4  (north 

600 

1.  48 

14.55 

1.43 

13.80 

channel)  —  Con- 

700 

1.92 

17.  65 

1.68 

16.00 

tlnuetl. 

800 

2.  22 

16.75 

1.95 

10.00 

900 

2.41 

17.55 

2.26 

16.80 

1,000 

2.  49 

17.  85 

2.  73 

17. 10 

1, 100 

2.43 

29.  15 

3.  01 

19.40 

Area  of  section:  Flood,  40,925  square  feet;  ebb,  38,796 

• 

1,200 

2.  42 

21.  75 

.3.20 

21.00 

square  feet. 

1,300 

2.  46 

22.  35 

3.27 

21.60 

1,400 

2.  ri2 

25. 25 

3.30 

24.50 

Mid-area  ^  flood,  1,488;  ebb.  1,489. 

1,500 

2.  61 

28.95 

3.09 

28.30 

1,000 

2.  65 

28.95 

2.06 

28.20 

1,700 

2.  49 

24.  05 

2.11 

23.30 

Mid-volume:  Flood,  1,516  feet;  ebb,  1,423  feet. 

1,800 

2.  12 

14.  05 

1.40 

13.30 

1,900 

2.06 

9.25 

1.12 

8.50 

2,000 

2. 11 

8.  95 

1.09 

8.20 

Plane  of  reference  for  deptha  above  mean  low-watiT : 

2, 100 

2.  18 

9.  65 

Maxiinnm  flood,  4.75  feet ;  maximum  ebb,  4  feet. 

2,200 

2.23 

11.25 

1.26 

10.50 

2,800 

2. 24 

14.  85 

1.59 

14. 10 

2,400 

2.32 

10.55 

2. 01 

15.80 

2,500 

2.49 

17.95 

2. 10 

17.20 

2,600 

2. 47 

16. 45 

1.87 

16.  70  < 

2, 700 

1.92 

9.45 

1.36 

8. 70 

2,800 

0.00 

5. 05 

0.00 

4.30 

[tude,  75®  05'  38".4. 

2,860 

0.00 

2. 75 

0. 00 

2.00 

Position  of  end  of  section:  Latitude,  89®  58'  14". 5;  lon^i- 

Section  5  (north 

89 

0.00 

0.00 

0.00 

0.00 

Position  of  origin  of  section :  Latitude,  39®  Sfl'  35".7 ;  long!* 

channel.) 

90 

0.00 

3.  35 

0.00 

2.60 

tude,  75®  Oty  17". 9. 

100 

0.00 

3.85 

0.00 

3.10 

200 

0.00 

7.85 

0.00 

7.10 

300 

0.76 

10.95 

0.06 

10.20 

400 

1.41 

15. 25 

1.17 

14.50 

500 

1.71 

15.  25 

1. 51 

14.50 

600 

1. 77 

14. 75 

1.67 

14.00 

700 

L78 

14.95 

1.73 

14.20 

Area  of  section:  Flood,  46,251  square  feet;  ebb,  44,256 

800 

1.83 

16.95 

1.76 

16.20 

square  feet. 

900 

1.90 

20.25 

1.88 

19.50 

1,000 

2.06 

23. 15 

2.01 

22.40 

1,100 

2.01 

23.25 

2.16 

22.50 

Mid-area  —  flood,  1,425  feet ;  ebb,  1,425  feet. 

1,200 

2.09 

22.85 

2.34 

22.10 

• 

1,300 

2.19 

25.95 

2.57 

25.20 

1,400 

2.27 

23.45 

2.64 

22.70 

1,500 

2.30 

21.55 

2.67 

20.80 

Mid-volnme ;  Flood,  1,512  feet;  ebb,  1,462 fset. 

1,600 

2.32 

20.95 

2.61 

20.20 

1,700 

2.30 

20.05 

2.45 

19.80 

1,800 

2.28 

19.75 

2.22 

19.00 

1,900 

2.29 

18. 75 

1.95’ 

laoo 

17  AK 

1A  OA 

Plane  of  reference  for  depths  above  mean  low* water: 

2, 000 

2.  30 

I/«  OD 

VU 

Maximum  flood,  4.75  feet ;  maximum  ebb,  4  feet. 

2, 100 

2.32 

18.65 

1.71 

17.90 

2,200 

2.31 

20.25 

L88 

19.50 

2  300 

2.25 

2L25 

1.89 

20.50 

2,400 

2.U 

20.35 

1.87 

10.60 

2,500 

1.02 

17.26 

1.75 

16.50 

2,600 

1.39 

6.45 

L86 

4.70 

2,700 

0.00 

3.55 

0.00 

2.80 

[tude,75O06'06".4.. 

2,750 

0.00 

3.26 

0.00 

2.50 

^Position  of  end  of  section:  Latitude,  39®56' 09".7 ;  longi- 
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DELAWARE  RIVER — Continued. 


Tratisverse  curves  of  vehoityj  and  perimeters — Continued. 


Sections. 

Distance  from  origin. 

Maxim  am  velocity 
(reduced  to  mean 
tide).  ^ 

% 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide).  ^ 

>b. 

:| 

U 

i,|  ^ 

Remarka. 

Feet  per  »ec. 

Feet 

Feet  per  gee. 

Feet 

Section  6  (north 

0 

0.00 

17.0 

U.  00 

16.8 

Position  of  origin  of  section  (comer  of  wharf,  Pennsylvania 

ohnnnel). 

100 

1.45 

19.2 

1.88 

18.4 

side):  Latitude,  39°  58'  24".7;  longitude,  75°  OO'  32".7. 

200 

1.  76 

18.9 

1.97 

18.  1 

300 

1.98 

18.8 

2.08 

18.0 

400 

2.  29 

23.4 

2.38 

22.6 

Area  of  section:  Flood,  41,350  square  feet;  ebb,  39,830 

square  feet. 

500 

2.47 

25.0 

2.34 

24.2 

600 

2. 41 

27.0 

2.04 

26.2 

700 

2.34 

29.8 

1.98 

29.0 

Midarea -r  871  feet 

800 

2.55 

29.3 

2. 13 

28.5 

900 

2.80 

27.7 

2.48 

26.9 

1,000 

2. 70 

26.6 

2.  01 

25.8 

1, 100 

2.  .55 

26.5 

2.50 

25.7 

Mid-volume:  Flood,  895  feet;  ebb,  916  feet. 

1,200 

2.34 

20.6 

2.40 

25.8 

1,300 

2. 21 

26.1 

2.38 

25.3 

1,400 

2.31 

24.2 

2.44 

23.4 

1,500 

2.  3.5 

21.3 

2.47 

20.5 

Plane  of  reference  for  depths  above  mean  low- water: 

1,000 

2.03 

las 

2. 18 

17.7 

Maximum  flood,  4.75  feet;  maximum  ebb,  4  feet. 

1,700 

L63 

8.8 

1.34 

8.0 

1,800 

1.01 

3.7 

0,23 

2.9 

(tnde,  75°  W  24".6. 

1,900 

0.00 

1.7 

0.00 

0.9 

Position  of  end  of  section :  Latitude,  99P  58'  07".2 ;  longi- 

Section  7  (north 

0 

0.06 

17.4 

0.02 

16.6 

Position  of  origin  of  section  (end  of  wharf,  Pennsylvania 

ehumel). 

100 

0.24 

16.8 

0. 19 

16.0 

shle):  Latitude,  39^  58'  19". 1;  longitude,  75‘^  OS'  .50". .5. 

200 

1.44 

19.0 

1.25 

ia2 

800 

2.23 

29.5 

2.01 

28.7 

400 

2.50 

20.4 

2.39 

28.6 

Area  of  section:  Flood,  41,019  square  feet;  ebb,  40,235 

600 

2.72 

30.7 

2.53 

.  29.9 

square  feet 

600 

2.82 

30.3 

2.33 

29.5 

700 

2.63 

29.8 

2.41 

29.0 

Mid-axea=792  feet 

800 

2.64 

30.4 

2.61 

29.6 

900 

2.79 

30.9 

2.66 

30.1 

1,000 

2.80 

31.4^ 

2.54 

30.6 

Mid-volume:  Flood,  817  feet;  ebb,  849  feet 

1, 100 

2.60 

31.2* 

2.51 

30.4 

1,200 

2.57 

30.8 

2.66 

30.0 

1,300 

2.37 

27.8 

2.71 

27.0 

1,400 

1.83 

23.0 

2.29 

22.2 

Plane  of  reference  for  depths  above  mean  low- water: 

1,500 

0.60 

6.8 

0.83  1 

• 

6.0 

Maximum  flood,  4.76  feet;  maximum  ebb,  4  feet. 

1,650 

O.DO 

0.00 

1,600 

4.1 

1 

3.3 

1,700 

3.4 

2.  6 

(tude,  750  06'  41".5. 

1, 730 

3.3 

2.5 

Position  of  end  of  section :  Latitude,  39°  68'  08".6 ;  longi- 

Section  8  (north 

0 

0.00 

84.6 

1 

0.00 

33.8 

Position  of  origin  of  section  (entrance  of  slip,  Pennsylvania 

ohannel). 

100 

2.38 

37.0 

2.42 

36.2 

side):  Latitude,  39°  58'  11".9;  longitude,  76P  07'  05".8. 

200 

2.94 

33.4 

2.71 

32.6 

300 

3.23 

31.9 

2.95 

8L1 

400 

3.38 

31.  S 

2.94 

30.5 

Area. of  section:  Flood,  33,865  square  feet;  ebb,  32,785 

600 

3.37 

32.7 

3.00 

3L9 

square  feet 

600 

3.29 

33.3 

3.11 

32.5 

700 

3.15 

30.1 

3. 18 

29.3 

Mid-area=  504  feet 

800 

3.08 

27.5 

3.24 

26.7 

900 

3.04 

26.8 

3.30 

26.0 

Mid- volume:  Flood,  520  feet;  ebb,  542  feet 

1,000 

2.87 

21.7 

3.30 

20.9 

1,100 

2.07 

6.1 

1.68 

5.3 
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DELAWARE  RIVER — Continaed. 


Trcmvoerse  cvrves  ofvdocily,  and  perimeters — Contiaaed. 


Sections. 

Distance  from  origin- 

Flood. 

Ebb. 

Remark!. 

V 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc< 
ity). 

Feet  pet  ttec. 

Feet. 

Feet  per  sec. 

Feet. 

1, 150 

0.  00 

0.00 

Plane  of  reference  for  depths  above  mean  low-water: 

channel)— Cont’d. 

1, 190 

4.  8 

4.0 

Muxironm  flood, 4.75  feet;  maximum  ebb, 4  feet. 

1,200 

4.6 

.3.8 

1,300 

2.7 

1.9 

[tnde,  75°  06'  57" .3. 

1  350 

2.6 

1-8 

Section  9  (north 

0 

0.00 

22.8 

0.00 

22.0 

Position  of  origin  of  section  (end  of  wharf,  Pennsylvania 

channel). 

100 

2.24 

37.5 

2.  .37 

36.7 

side):  Latitude,  39°  58'  02".8;  longitude,  76^  07'  22".4. 

200 

2.63 

40.1 

2.93 

.39.3 

300 

3.02 

41.0 

2.  91 

40.2 

Area  of  section:  Flood,  36.610  square  feet;  ebb,  35,626 

400 

3.27 

40.2 

2.84 

39.4 

square  feet. 

.500 

3. 22 

.38.6 

2.90 

37.8 

Midai-ea—  481  feet. 

600 

3.09 

.37.5 

2.92 

36.7 

700 

2.91 

42.8 

2.  85 

42.0 

Mid- volume:  Flood,  479  feet ;  ebb,  469  feet. 

800 

2.63 

27.7 

2.74 

26.9 

900 

2.  39 

24.0 

2.  59 

23.2 

Plane  of  reference  for  depths  above  mean  low-water: 

. 

1,000 

2.25 

10.3 

2.  01 

15.5 

Maximum  flood,  4.75  feet;  maximum  ebb,  4  feet. 

1,100 

1.51 

7.6 

0.00 

6.8 

1,200 

0.  31 

.5.1 

0.00 

4.3 

(tnde,  750  07'  14".5. 

1,230 

0.00 

4.8 

0.00 

4.0 

Position  of  end  of  section:  Latitude,  39°  57'  52".2;  long!- 

Section  4  (Routh 

0 

0.00 

4.8 

0.00 

4.0 

Position  of  origin  of  section  (marsh,  Petty’s  Island):  Lati¬ 

channel). 

100 

1.66 

14.8 

2.03 

14.0 

tude,  390  58'  08".6;  longitude,  750  05'  40".3. 

200 

2.23 

22.  4 

2.  57 

21.6 

300 

2.36 

22.2 

2.53 

21.4 

400 

2. 48 

19.6 

2. 17 

18.8 

500 

2.47 

19.7 

2.47 

18.9 

600 

2.38 

22.0 

3.06 

21.2 

700 

2. 23 

25.7 

3.® 

24.9 

800 

2.17 

26.9 

3.79 

26.1 

1  Area  of  section:  Flood,  31,200  square  feet;  ebb,  20,440, 

900 

2.35 

26.0 

3.79 

25.2 

square  feet. 

1,000 

2.33 

22.8 

3.69 

22.0 

1,100 

2.13 

18.5 

3.30 

17.7 

Mid-area  =  777  feet. 

1,200 

LOO 

14.8 

2.56 

14.0 

1,300 

1. 75 

11.5 

1.79 

10.7 

Mid- volume:  Flood,  720  feet;  ebb,  758  feet. 

1,400 

1. 55 

9.0 

0.83 

8.2 

1,480 

0.00 

1,500 

1.28 

6.5 

5.7 

Plane  of  reference  for  depths  above  mean  low-water: 

1,600 

0.98 

5.8 

5. 0 

Maximum  flood,  4.75  feet;  maximum  ebb,  4  feet. 

1,700 

0.72 

5.4 

4.6 

1,800 

0.49 

5.2  1 

4.4 

1,900 

0. 12 

4.3 

3.5 

1,980 

0.00 

' 

2,000 

3.4 

2.6 

2,100 

2.3 

1.6 

2,200 

LO 

0.2 

(tnde,  750  05' 27^7. 

2,230 

0.0 

—  0.8 

Po/iition  of  end  of  section:  Latitude,  39o  67'  48"  9;  long!* 

0 

2.0 

1.2 

Position  of  origin  of  section  (levee,  Petty’s  Island) :  Lati¬ 

Section  5  (south 
channel). 

100 

2.8 

2.0 

tude,  390  58'  00".8;  longitude,  75°  OS'  57".l. 

200 

8.6 

2.8 

300 

4.0 

a2 

400 

4.3 

3.6 

V 
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DELAWARE  RIVER— Continued. 
Tramveme  curves  qf  verity,  and  perimeters — Continued. 


Sections. 

Distance  from  origin. 

iriood. 

Ebb. 

Bemnrki. 

Maximnm  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximam  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximnin  veloc¬ 
ity). 

Feet  per  see. 

Feet. 

Feet  per  see. 

Feet. 

Section  5  (south 

500 

4.4 

ao 

Area  of  aeotinr^^  irinnHi  lupiAm  fnet;  ebb,  31,305 

channri)  —Con* 

580 

0.00 

0.00 

square  foot. 

tinned. 

600 

0.21 

11.8 

1.56 

11.0 

700 

1.14 

16.1 

2.53 

15.3 

800 

1.57 

14.6 

2.40 

13.8 

900 

1. 77 

14.6 

.  2.39 

las 

1,000 

L95 

15.6 

2.47 

14.8 

1, 100 

2.05 

19.9 

2.70 

19.1 

1,200 

2.10 

24.3. 

3. 31 

23.5 

1,300 

2.22 

27.6 

3.54 

26.8 

1. 400 

2.36 

26.4 

3.51 

25.6 

Mid-area^  1,301  feeL 

1,500 

2.56 

23.8 

3.36 

23.0 

1,600 

2.61 

20.8 

3. 19 

20.0 

Mid-volume:  Flood,  l,449.foet;  ebb,  1,358 feet. 

1, 700 

2.53 

20.1 

3.02 

19.3 

1,800 

2.33 

17.4 

2.73 

lao 

1,000 

2.23 

15.4 

2. 15 

14.6 

2,000 

2.16 

12.1 

1. 20 

11.3 

Plane  of  reference  for  depths  above  moan  low-water : 

2,100 

1.95 

10.9 

0.73 

10.1 

Maximum  flood,  4;75  feet;  maximum  ebb,  4  feet. 

2,200 

1.67 

7.6 

0.32 

6.8 

2,280 

0.00 

2,800 

1.43 

5.2 

. 

4.4 

2,400 

1.17 

4.8 

4.0 

2,500 

0.74 

as 

2.7 

2,580 

0.00 

2,600 

Lh 

0.7 

2,650 

0^ 

- -TT--- 

0.0 

2,700 

0.8 

0.0 

[tude,  75°  05'  39". 6. 

2,740 

ao 

—0.8 

Position  of  end  of  section  *.  liutitude,  39°  57'  44". 3;  longi- 

Section  6  (south 

0 

as 

2.5 

Position  of  origin  of  section  (levee  on  Putty’s  Island); 

channel). 

100 

a7 

Latitude,  39°  57'  55". 3;  longitude,  75°  06'  12". 6. 

200 

4. 1 

3.3 

300 

4.4 

3.6 

400 

ao 

4.2 

440 

0.00 

0.00 

450 

0.10 

ai 

1.48 

7.3 

500 

0.46 

14.2 

2.60 

13.4 

600 

0.95 

10.8 

2.72 

10.0 

700 

1.29 

9.4 

1  2.56 

as 

800 

1.52 

a3 

a57 

a5 

900 

1.70 

ia4 

1  2.76 

as 

1,000 

LOO 

ia2 

a38 

14.4 

1,100 

2.09 

2a4 

aer 

2a6 

1,200 

2.27 

2a8 

a37 

2ao 

1,300 

2.53 

29.8 

2.77 

29.0 

Area  of  section:  floods  32,950  square  feet;  ebb,  31,070 

1  4^ 

2.70 

30.5 

a63 

23.7 

square  feet 

1,500 

2.67 

31.4 

a  01 

30.6 

Mid-area = 1,354  feet 

1.600  1 

2.46 

25.2 

2.61 

24.4 

1,700 

2.17 

20.8 

2.4% 

2ao 

1,800 

2.06 

ia4 

2.24 

17.6 

Mid-v<dume:  Flood,  1,413  feet;  ebb,  1,302  feet. 

1,900 

1.97 

15.0 

L77 

14.2 

2,000  1 

1.75 

12.0 

1.17 

11.2 

2,100 

1.45 

ai 

0.74 

1  &8 

Plane  ef  leferenoe  lor  depths  above  mean  low-water; 

2,200 

0.92 

4.4 

1  0.06 

1  ae 

Maxiinnm  flood,  4.76  Ibet;  maximum  ebb,  4  feet 

Digitized  by 


144 


KEPORT  OF  THE  SEPERINTENDERT  OF  THE 


Sections. 


Section  6  (south 
channel)  —  Con¬ 
tinued. 


Section  7  (south 
channel.) 


Section  8  (south 
channel). 


Section  9  (south 
channel). 


DELAWARE  RIVER — Continued. 


Tramvei'se  curves  of  velocity^  and  perimeters — Continued. 


d 

‘5, 

o 

s 

© 

© 

J 

"So 

5 

Flood. 

Ebb. 

Bemarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(i'educed  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Fed  per  sec. 

Feet. 

Fed  per  sec. 

Feet. 

2,  240 

0.00 

0.00 

2,250 

3  1 

2.3 

2, 300 

1.8 

1.0 

[tude,  750  OS'  50" .7. 

2,380 

0,  0 

—  0.8 

0 

0  8 

0.  0 

100 

1.8 

1.  0 

Latitude,  39®  57'  40".6;  longitude,  75^^  06'  22".8. 

160 

0.  00 

200 

0.00 

7.2 

1.58 

6.4 

300 

0.64 

7.8 

3.14 

7.0 

.  Area  of  section:  Flood,  26,562  square  feet;  ebb,  26,354 

400 

1. 18 

9.0 

3.15 

8.2 

square  feet. 

500 

1.63 

17.1 

3. 29 

16.3 

Mid-area  — 756  feet 

600 

2.06 

33.1 

3.91 

32.  3 

700 

2.74 

34.1 

3.06 

33.3 

800 

3.  49 

20.0 

3.58 

28.  2 

Mid- volume:  Flood,  875  feet :  ebb,  776  feet. 

900 

3.47 

24.5 

3.20 

23.7 

1,000 

2.98 

20.4 

3.14 

19.6 

1, 100 

2.  75 

17.9 

3.09 

17.1 

Plane  of  reference  for  depths  p.^)ve  mean  low-water : 

1,200 

2.58 

16.8 

2.86 

16.0 

Maximum  flood,  4.75  feet;  majunium  ebb,  4  feet. 

1,300 

2.58 

17.4 

2.46 

lae 

1,400 

2.53 

18.0 

1.98 

17.2 

1,500 

2.28 

16.4 

1.52 

15.6 

(tnde,  75^^  06'  10".9. 

1,510 

2.24 

16.1 

1. 49 

15.3 

Position  of  end  of  section:  Latitude,  39°  57'  28".6;  longi- 

0 

0.00 

3.0 

2.2 

Position  of  origin  of  section  (levee  on  Petty’s  Island): 

100 

1. 05 

4.3 

3.5 

Latitude,  39^  57'  36".4 ;  longitude,  75®  06'  33".9. 

200 

2.32 

6. 1 

5.3 

300 

2.41 

6.4 

5.6 

400 

2.48 

13.8 

0.00 

13.0 

500 

2.69 

35.3 

3. 49 

34.  5 

600 

2.88 

36. 1 

4.22 

35.3 

Aren  of  section:  Flood,  28,485  square  feet;  ebb,  27,045 

700 

2.87 

29.8 

4.52 

29.0 

square  feet 

800 

2.67 

23.8 

4.06 

23.  0 

Mid  area  =-790  feet. 

900 

2,46 

20.8 

3.53 

20.0 

1,000 

2.34 

23.1 

3.11 

22.3 

Mid- volume :  Flood,  733  feet ;  ebb,  783  feet 

1,100 

2,26 

23.7 

2.85 

22.  9 

1,200 

2.13 

23.5 

1  2.61 

22.7 

1,300 

1.97 

18.3 

2.37 

17.5 

1,400 

1.51 

7,8 

1.83 

7.0 

Plane  of  reference  for  depths  above  me.an  low-water: 

'  1, 470 

0.00 

0.00 

Maximum  flood,  4.75  feet ;  maximum  ebb,  4  feet. 

1,500 

0.00 

4.0 

3.2 

1,600 

0.00 

2.4 

1.6 

1, 700 

0.00 

L6 

0.8 

1,800 

0.00 

0.9 

0.0 

[tude,  750  06'  32".l. 

1,900 

0.00 

0.0 

Position  of  end  of  section :  Latitude,  39®  57'  17".  6;  loogi- 

0 

0.00 

2.7 

1.9 

Position  of  origin  of  section  (levee  on  Petty^s  Island) : 

100 

0.09 

3. 1 

2.3 

LaUtude,  39®  57'  44".l;  longitude,  75®  06'  51".6. 

200 

1.02 

3.6 

2.8 

300 

1.92 

5.5 

4.7 

400  ' 

1.94 

8.3 

7.5 

500 

1.87 

7.8 

7.0 

600 

1.86 

6.8 

6.0 

700 

1.94 

7.0 

0.00 

6.2  ' 
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DEL  A  WAKE  RIVER- Continued. 


Transverse  curves  of  velocity,  and  perimeters — Continued. 


Sections. 

Distance  from  ori«;in. 

Flc 

s  1 
^  5 

IL 

|li 

tod. 

®  § 

a 

^  a 

Maximum  velocity ' 
(reduced  to  mean  ' 
tide). 

:  _  i  S 

)b. 

®  g 
a  ► 

2  1 

ps 

Bern  arks. 

Fest  per  see. 

Feet. 

Feet  per  sec. 

Feet 

Section  9  (soatk 

750 

0.08 

channel)  —  Con- 

800 

2.00 

8.9 

0.  27 

8.1 

tinned. 

900 

2.19 

13.9 

1.28 

13.1 

1,000 

2.22 

20.1 

2.60 

19.3 

1,100 

2.20 

25. 1 

3.37 

24.3 

1,200 

2.18 

26.5 

3. 71 

25.7 

Area  of  section:  Flood,  32,685  square  feet;  ebb,  30,625 

1,300 

.  2. 11  . 

24.5 

3.88 

2a  7 

square  feet. 

1,400 

2.03 

22.6 

3.86 

21.8 

Mid-area  — 1,351  feet. 

1,500 

2. 01 

20.5 

3. 76 

19.7 

1,600 

2.  01 

18.  6 

3.66 

17.8 

1 

Mid- volume:  Flood,  1,292  feet;  ebb,  1,439  feet. 

1. 700 

1.98 

17.0 

3.55 

16.2 

1,800 

1.90 

16.1 

3.43 

15.3 

1,900 

1.77 

15.7 

3.  25 

14.9 

2,000 

■  1.57 

16.2 

2.96 

15.4 

Plane  of  reference  for  depths  above  mean  low- water ; 

2,100 

1.31 

15.0 

2.55 

14.2 

Maximum  flood,  4.75  feet ;  maximum  ebb,  4  feet. 

2,200 

0.97 

11.2 

2.00 

10.4 

- 

2,800 

0.38 

5.1 

0. 91 

4.3 

2,340 

0.00 

0.00 

2,850 

4.^ 

8.5 

2,400 

3.5 

2.7 

2,500 

U 

LO 

2,600 

0.3 

—  0.5 

[tude,  750  07'  03''.6. 

2,620 

0.0 

-  0.8 

Position  of  end  of  section:  Latitude,  39o  57'  19". 8;  longi- 

Section  10  (eonth 

0 

0.00 

3.4 

2.6 

Position  of  origin  of  section  (at  bulkhead  Petty's  Island) : 

obannel). 

100 

1.26 

3.5 

2.7 

Latitude,  39®  57'  50".9;  longitude,  75°  07'  14".2. 

200 

1.46 

3.5 

2.7 

300 

1.57 

4.1 

0.00 

a3 

400 

1.65 

6.0 

0.26 

5.2 

500 

1.74 

8.7 

0.44 

7.9 

600 

1.82 

9.8 

0.53 

9.0 

700 

1.87 

10.3 

0.53 

9.5 

800 

1.95 

10.4 

0.57 

9.6 

900 

2.03 

10.8 

0. 61 

10.0 

1,000 

2.06 

12.0 

0.82 

11.2 

1, 100 

2.07 

14.3 

1. 17 

ia5 

Area  of  section:  Flood,  38,554  square  feet;  ebb,  36,194 

1,200 

2.07 

15.2 

1.61 

14.4 

square  feet. 

1,300 

2. 14 

16.1 

2.13 

15.3 

Mid-area= 1,687  feet. 

1,400 

2.17 

20.4 

2.81 

19.6 

1,500 

2.15 

19.4 

3.42 

18.6 

1,600 

2. 15 

20.4 

a53 

19.6 

Mid- volume:  Flood,  1,69®  f©«<^’;  ©bb,  1,841  feet. 

1,700 

2.17 

20.3 

3.56 

19.5 

1,800 

2. 18 

21.2 

3.58 

20.4 

1,900 

2.18 

20.8 

3.52 

20.0 

Plane  of  reference  for  depths  above  mean  low-waler: 

2,000 

2. 16 

20.3 

3.32 

10.5 

Maximum  flood,  4.75  feet;  maximum  ebb,  4  feet. 

2,100 

2.12 

19.9 

3.14 

10.1 

2,200 

2.03 

17.5 

3.26 

ia7 

2,300 

1.85 

14.8 

a25 

14.0 

2,400 

L57 

14.0 

3.25 

ia2 

2,500 

1.21 

lao 

3. 15 

12.8 

2,600 

0.71 

13.8 

2.68 

13.0 

2,700 

0.00 

12.8 

0.00 

12.0 

2,800 

0.00 

8.0 

0.00 

7.9 

2,875 

0.00 

4.8 

0.00 

4.0 

2,900 

0.00 

4.6 

0.00 

3.8 

(tude,  750  07'  23".7. 

2,960 

0.00 

—  0.7 

0.00 

1  1.5 

Position  of  end  of  section:  Latitude,  39®  57'  22".5;  long!- 

S.  Ex.  13 - 19 
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DELAW  A  RE  K 1 VJOK— Continued. 


Transverse  curves  of  velocUy,  and  perimeters — Continued. 


Sections. 

Distonco  from  origin. 

1 

Flood. 

Fbb. 

Rmnarkt. 

Maximum  velocity 
(reduced  to  moan 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Feet  per  sec. 

Feet. 

Feet  per  sec. 

Feet. 

Section  11 . 

0 

0.  00 

34.7 

0.00 

33.  9 

Position  of  origin  of  section  (comer of  whiu^  Pennsjl- 

100 

2.64 

39.0 

2.  36 

38.2 

vania  side):  Latitude,  ^  hV  57'M;  longitnde,  IfP  07' 

200 

2.  86 

39.  2 

2.  92 

38.4 

33".5. 

300 

2.81 

40.6 

2.  97 

39.8 

400 

2.80 

40.9 

2.93 

40.1 

500 

2.  89 

37.0 

2.81 

36.8 

600 

2.91 

32.9 

2. 73 

32.1 

700 

2-86 

29.1 

2.75 

28.3 

800 

2.  77 

24.2 

2.  55 

23.4 

900 

2.65 

20.8 

2.41 

20.0 

1,000 

2.44 

16.9 

2. 42 

16.1 

1,100 

2.24 

14.1 

1.84 

13.3 

1,200 

O 

12.3 

1.  52 

11.5 

1,300 

2.  27 

12.0 

1.35 

11.2 

1,400 

2.  40 

13.0 

1. 14 

12.2 

1,500 

2.53 

14.1 

0.92 

13.3 

Area  of  section:  Flood, 73,620  square  feet;  ebb, 70,740 

1,600 

.2.:>4 

14.4 

0.  87 

13.6 

stpiare  feet. 

1,700 

2.  51 

15.2 

1. 14 

14.4 

Mid-area =1,209  feet. 

1, 800 

2.43 

15.3 

1.53 

14.5 

1,900 

2,37 

15.8 

1.96 

15.0 

2,000 

2.35 

16.6 

2.42 

15.8 

Mid- volume:  Flood, 983  feet;  ebb,  1,197  fieet. 

2, 100 

2.37 

18.3 

2.85 

17.5 

2,200 

2.41 

20.6 

3.13 

19.8 

2, 300 

2.  55 

21.5 

3.29 

20.7 

Plane  of  reference  for  depths  above  mean  low-water:. 

2,400 

2.  73 

22.6 

3.33 

21.8 

Maximum  flood,  4.75  feet ;  nuudmum  ebb,  4  feet. 

2,500 

2.86 

22.0 

3.34 

21.2 

2,600 

2.88 

21. 0 

3. 34 

20.8 

2, 700 

2.56 

21.0 

3.28 

20.2 

2,  800 

L80 

18.6 

3.14 

17.8 

2,900 

1. 17 

10,7 

3.02 

15.9 

3,000 

0.58 

14.3 

2.92 

ia6 

3,100 

0.00 

13.8 

2.80 

13.0 

3, 200 

0. 00 

14.0 

2.65 

13.2 

8, 300 

0.00 

13.8 

2.43 

13.0 

8,400 

0.  00 

9.3 

1.25 

8.5 

3,500 

0.  00 

5.8 

0.00 

6.0 

[tade,7SO07'22".5. 

3, 600 

0.00 

3.8 

0.00 

3.0 

Position  of  end  of  section:  Latitude,  390  67'22".7;  long!- 

Section  12 . 

0 

0.00 

35.5 

0.00 

34.7 

Position  of  origin  of  section  (comer  of  whari^  PeDnsylva* 

100 

2.  52 

37.6 

2.40 

36.  8 

nia  side) :  Latitude,  39°  57'  51".9;  longitude,  76o  07'43".9. 

200 

2.85 

40.0 

2.95 

39.2 

800 

3. 14 

41.3 

3.30 

40.5 

400 

3.31 

40.3 

3.56 

39.5 

500 

3.29 

38. 4 

3. 47 

.37.6 

600 

3.22 

38.8 

3. 15 

38.0 

700 

3. 17 

28,1 

3.  04 

27.3 

800 

2.98 

24.8 

3.04 

24.0 

900 

2.73 

21.8 

2. 79 

21.0 

1,  000 

2.  G2 

ia5 

1.78 

17.7 

1, 100 

2.60 

18.0 

1. 79 

17.2 

1,  200 

2.60 

18.1 

1.99 

17.3 

Area  of  section;  Flood,  69,407  square  feet;  ebb,  67,031 

1,  300 

2.  57 

18.6 

2.14  , 

17.8 

square  feet. 

1, 400 

2.50 

19.1 

1.92 

18.3 

1 

Mid-area  =1,063  feet. 

1,500 

2.  47 

18.3 

1.  95 

17.5 
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Transverse  curves  of  velocity,  and  perimeters — Continued. 


Flood. 

Ebb. 

.g 

■ 

1  Seotiojis. 

e  from  orig 

m  velocity 
ed  to  menn 

at  time  of 

nm  veloc- 

C 

^  cS 

.2  fl 

a  '2 

a  k 

1  I 

RemarkB. 

c. 

3 

aD 

O 

e»  t-  -S 

Depth 

maxim 

ity). 

Maximn 

(reduc 

tide). 

Depth  ( 
maxim 
ity). 

Feet  per  $ee. 

Feet. 

Feet  per  sec. 

Feet 

Section  12— ('on- 

1,000 

2.44 

18. 1  • 

2. 30 

17.3 

Mid-volume :  Flood,  808  feet ;  ebb,  879  feet. 

tinned. 

1, 700 

2.41 

18.2 

2.67 

17.4 

1,800 

2.33 

19.  C 

3.14 

18.8 

1,900 

2.17 

21.7 

.3.14 

20.  9 

Plano  of  reference  for  depths  above  mean  low-water: 

2,000 

1.93 

22.  C 

.3. 15 

21.8 

Maximum  dootl,  4.75  feet ;  maximum  ebb,  4  feet. 

2,100 

2.26 

2.3.8 

3. 12 

23.0 

2,200 

2.6.5 

22.6 

3.  01 

21.8 

2,300 

2.  50 

21.4 

2.92 

20.6 

2, 400 

2. 31 

15.8 

2.82 

15.0 

2,500 

2.00 

14.3 

2.56 

13.5 

2,600 

1.  38 

15.6 

2.38 

14.8 

2, 700 

0.00 

17.0 

2.19 

16.2 

2,800 

2,000 

2, 970 

14.3 

1.60 

13.5 

12.0 

0.  oo 

11.2 

(tnde,  75^  07'  30".4. 

Position  of  end  of  .section:  Latitnde,  39®  57'  24". 5;  longi- 

Position  of  origin  of  section  (end  of  wharf,  Pennsylvania 
side) :  Latitude,  39®  57'  46". 3;  longitude,  75®  07'  57".3. 

7. 1 

6.3 

Sect  ion  13 . 

0 

11.2 

10.4 

60 

0. 00 

100 

170 

200 

0.00 

0.00 

0.58 

13.8 

0.50 

13.0 

23.9 

1.41 

23.1 

300 

2.27 

36.1 

2.19 

35.3 

400 

2.95 

38.2 

2.09 

37.4 

500 

3.34 

39.8 

2.  97 

39.0 

600 

3.  42 

40.2 

3.  21 

89.4 

700 

3.  .5.5 

.39.0 

3.04 

38.2 

800 

.3. 40 

36.  5 

2. 84 

3.5.7 

900 

2.83 

.32.  9 

2.73 

32.1 

1,000 

2.88  1 

29.0 

2.62 

28.2 

Area  of  section;  Flood,  69,302  square  feet;  ebb, 66,014 

1, 100 

2.88 

24.8 

2.50 

24.0 

22.0 

s<iu.are  feet. 

1 

1,200 

2. 78 

22.  8 

2.38 

1,300 

2.69 

23.1 

2.31 

22.3 

Mid-ai-oa=l,lllfeet 

1,400 

2.62 

22.8 

2.28 

22.0 

1,500 

2.56 

22.2 

2.44 

21.4 

Mid-volume:  Flood,  980  feet ;  ebb,  1,152  feet. 

1,600 

2.52 

22.0 

2.69 

2L2 

1, 700 

2.37 

22.5 

2.92 

21.7 

1,800 

2.24 

23.9 

3.11 

23.1 

Plane  of  reference  for  depths  above  mean  low- water ;  • 

1,900 

2.18 

24.6 

3.23 

23.8 

Maximum  floml,  4.75  feet ;  maximum  ebb,  4  feet. 

2,000 

2.32 

23.1 

3,25 

22.3 

2,100 

2.55 

18.8 

3.21 

mo 

2,200 

3.36 

17.1 

3. 14 

16.3 

2,300 

3. 42 

16.3 

3.04 

15.5 

2,400 

2.58 

16.1 

2.91 

15.3 

2,500 

2,590 

2,600 

2,7C0 

2,800 

2,900 

2,985 

1.  37 

0.00 

15.5 

2.72 

14.7 

13.2 

2.28 

12.4 

12.8 

1.52 

12.0 

9.6 

0. 00 

as 

4.7 

3.9 

(tnde,  75®  07'  35".8. 

Position  of  end  of  section :  Latitnde,  3^  57'  22" ;  longi- 

2.5 

1.7 

.  . 
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REPORT  OF  THE  SUPERINTENDENT  OF  THE 

DELAWARE  RIVER— Continued. 
Transverse  curves  of  velmity,  and  perimeters — Continued, 


d 

Flood. 

,  Ebb. 

Secti**!!.*!. 

?c 

S 

a 

o 

J  s 

C.  o 

Cm  • 

s  « 

d 

si 

'i  S 

'ii  Q 

g  “ 

Remark*. 

o 

o 

-  a 
li 

11 

If 

d 

s  .H 

it. 

M 

lt!S 

a 

H  £ 'd 

<s  S 

a 

ft  d 
& 

1 

Feet  per  see. 

Feet 

Feet  per  tec. 

Feet. 

Section  14 . 

0 

0.  00 

2!>.  8 

0.00 

29.0 

Position  of  origin  of  sectiem  (entruice  of  slip,  Pennsylvania 

100 

2.  51 

34.6 

.3. 15 

3.3.8 

side):  Latitnde,  39°  57'  37'M ;  longitude,  75°  OS'  05".2. 

2(»0 

3.  20 

40.6 

3.78 

39.8 

300 

3.  20 

4.5.  7 

3.64 

44.9 

400 

3.  17 

46.6 

2.99 

45.8 

r.00 

3.  30 

42.4 

2.75 

41.6 

C(M» 

X  04 

36.8 

2.67 

36.0 

7il0 

2.58 

31.1 

2.65 

30.3 

800 

2, 

2a  1 

2.84 

27.3 

000 

2. 76 

26.8 

3. 15 

2&0 

1.  000 

2.60 

27.6 

3.  39 

26.8 

Area  of  section :  Flood,  59,945  square  feet ;  ebb,  57,745 

1,100 

2. 33 

24.8 

3. 48 

24.0 

square  feet. 

1,200 

2.38 

24.0 

3. 41 

23.2 

Mid-area  =;  773  feet. 

1,300 

2.54 

23.6 

3. 31 

22.8 

1,400 

2.73 

19.7 

3.33 

lao 

i,r>oo 

3.04 

12.8 

3.  51 

12.0 

Mid-volume ;  Flood,  719  feet ;  ebb,  801  feet. 

1,600 

3.  36 

12.6 

3.80 

11.8 

1,700 

3.61 

13.3 

3.99 

12.5 

1,800 

4. 10 

13.1 

4. 12 

12.3 

Plane  of  reference  for  depths  above  mean  low- water: 

1,900 

4.60 

13.5 

4.18 

12.7 

Maximum  flood,  4.75  feet ;  maximum  ebb,  4  feet. 

2,000 

4.  33 

12.4 

4. 15 

11.6 

2, 100 

3.52 

11.8 

3.96 

11.0 

2,200 

2.56 

8.6 

3.48 

7.8 

2,300 

1.61 

8.6 

2.41 

7.8 

2,400 

0.00 

9.5 

0.00 

a7 

2,500 

2,600 

6.  8 

6.0 

6.0 

2.0 

0.0 

4.2 

1.2 

2,700 

2,750 

-0.8 

[Latitude,  39o  57'  18".9;  longitude,  75°  07'  38''.4. 

2, 770 

0 

1 

—  1.8 

—2.0 

Position  of  end  of  section  (at  bulkhead.  New  Jersey  side): 

Position  of  origin  of  section  (end  of  wharf,  Pennsylvania 

Section  15 . 

0.00 

23.2 

0.00 

22.4 

60 

0.00 

side):  Latitude,  39°  57'  27".9:  longitude,  75°  08'  14".2. 

100 

2.62 

43.6 

3.38 

42.8 

200 

3. 12 

51.5 

3.53 

50.7 

300 

3.18 

53.8 

3.37 

53.0 

400 

3.09 

4a  3  1 

3.43 

47.5 

500 

3.04 

43.0 

3.61 

42.2 

600 

3.22 

37.2 

3.82 

3^4 

700  - 

8. 10 

33.3 

3.65 

32.5 

800 

3.01 

28.8 

3.80 

2ao 

Area  of  section:  Flood,  60,067  square  feet;  ebb,  58,167 

900 

2.01 

27.7 

4.22 

26.9 

square  feet. 

1,000 

2.66 

27.0 

4.20 

26.2 

Mid-area =674  feet. 

1, 100 

2.59 

21.2 

4.07 

20.4 

1,200 

2.67 

12.8 

3.79 

12.0 

Mid- volume :  Flood,  604  foot ;  ebb,  610  feet. 

1,300 

2.89 

8.6 

3.02 

7.8 

1,400 

3.23 

9.8 

2.37 

9.0 

1,500 

3.36 

12.3 

2.40 

11.5 

Plane  of  reference  for  depths  above  mean  low-water: 

1,600 

3.29 

14.5 

2.51 

13.7 

Maximum  flood,  4.75  fe«t ;  maximum  ebb,  4  feet. 

1,700 

3.23 

16.4 

2.50 

15.0 

1,800 

3.36 

laa 

2.97 

17.5 

1,900 

8.56 

10.5 

3.45 

ia7 

2,000 

3.75 

21.1 

3.43 

20.3 

2,100 

3.59 

17.6 

2.95 

16.8 

- 
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DELAWARE  RIVER — Continued. 


Transverse  curves  of  velocity^  ojnd  perimeters — Continued. 


Sections. 

Distance  from  origin. 

Flood. 

Ebb. 

Bemarki. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc- 
ity). 

Feet  per  mc. 

Feet. 

Feel  per  sec. 

Feet. 

Section  IS— Cont’d. 

2,200 

0.60 

13.9 

0.46 

13.1 

2,215 

0.00 

0.  00 

2,300 

5.8 

6.0 

[side):  Latitude,  39^  57'  18".4 ;  longitude,  75°  07'  48", 5. 

2,375 

3.0 

O 

Position  of  end  of  section  (at  comer  of  wharf.  New  Jersey 

Section  16 . 

0 

37.  8 

37.0 

Position  of  oiigin  of  section  (at  entrance  of  slip,  Pennsyl- 

70 

0.00 

0.00 

vania  side)  ;  Latitude,  39°  57'  20". 8;  longitude,  76°  08' 

100 

2-74 

51.6 

3.45 

50.8 

18".8. 

200 

2.06 

50.9 

3.77 

50.1 

300 

3.U 

51.8 

3.81 

51.0 

400 

3.26 

49.6 

3.59 

48.8 

500 

8. 21 

42.8 

3.59 

42.0 

600 

3.11 

37.5 

3.69 

36.7 

700 

2. 91 

32.4 

3. 77 

31.6 

800 

2.62 

2a2 

3.  84 

27.4 

Area  of  section:  Flood,  59,514  square  feet;  ebb,  57,658 

900 

2.  32 

25.1 

3.90 

24.3 

sqnare  feet. 

1,000 

2.17 

22.5 

3.88 

21.7 

Mid-area =635  feet 

1,100 

2.54 

11.8 

3.79 

11.0 

1,200 

2.99 

7.3 

3. 43 

6.5 

1,300 

3.35 

9.4 

2.84 

8.6 

Mid-volnme:  Flood,  697  feet;  ebb,  615  feet. 

1,400 

3.64 

10.3 

2.55 

9.5 

1,500  * 

‘  3.79 

12.3 

2. 49 

11.5 

1,600 

3. 76 

14.9 

2.52 

14.1 

Plane  of  reference  for  depths  above  mean  low-water : 

1, 700 

3.58 

15.2 

2.63 

14.4 

Maximum  flood,  4.75  feet;  maximum  ebb,  4  feet. 

1,800 

3. 40 

16.  5 

3. 07 

15.7 

• 

1,900 

3.28 

17.2 

3.47 

16.4 

2,000 

3. 45 

19.9 

3. 40 

19.1 

2,100 

3.92 

19.0 

2.46 

18.2 

2,200 

3.92 

19.5 

1. 13 

18.7 

2,280 

0.00 

2,300 

1.68 

15.3 

14.5 

iside):  Latitnde,89o  57'  15";  longitude,  75°  07'  50". 

2,320 

0.00 

1.3.2 

12.4 

Position  of  end  of  section  (at  entrance  of  slip.  New  Jer-sey 

Seclion  17 . 

0 

0.00 

29.3 

0.00 

28.5 

Position  of  origin  of  section  (in  slip,  Pennsylvania  side): 

100 

1.71 

60.7 

2. 71 

59.9 

Latitude,  39°  57'  09".9;  longitude,  750  08'  23",5. 

200 

2.82 

59.2 

4.01 

58.4 

300 

3.30 

51.3 

4. 07 

50.5 

400 

3.64 

44.4 

4.07 

43.6 

500 

8.82 

35.6 

3.83 

34.8 

600 

3.71 

30.5 

3. 41 

29.7 

700 

8.36 

25.9 

3. 76 

25.1 

800 

2.37 

24.0 

3. 97 

23.2 

900 

1.75 

23.7 

3.56 

22.9 

1,000 

L82 

21.2 

8.35 

20.4 

1,100 

2.13 

12.7 

3.09 

11.9 

1,200 

2.56 

6,3 

2.18 

4.5 

1,300 

2.77 

4.8 

1. 15 

4.0 

Area  of  section:  Floo<l,  64, OSS  sqnare  feet;  ebb,  61,185 

1,400 

2.93 

9.1 

1.32 

8.3 

square  ieet. 

1,500 

3.07 

13.2 

2.63 

12.4 

1,600 

3.23 

16.6 

2.78 

15.8 

Mid-area =721  feet 

1,700 

3.31 

ia2 

2.81 

17.4 

1,800 

3.33 

ia7 

3.02 

17.9 

Mid-volnme:  Flood,  673  feet;  ebb,  869  feet. 

1,900 

8.32 

18.8 

3. 48 

18.0 

2,000 

3. 30 

17.1 

3.44 

laa 
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REPORT  OF  THE  SUPERINTENDENT  OF  TOE 


DELAWARE  RIVER — Continued. 


Transverse  curves  of  velocity ,  and  perimeters — Continued. 


St'ctions. 

1 

Distance  from  origin. 

Flood. 

Ebb. 

Benurka. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Feet  per  $ec. 

Feet. 

Feet  per  see. 

Feet. 

Section  17 — Cont’d. 

2, 100 

3.24 

14.8 

2.86 

14.0 

Plane  of  reference  for  depths  above  mean  low- water: 

2,200 

3. 10 

13.0 

2.27 

12.2 

Maximum  flood,  4.75  feet;  maximum  ebb,  4  feet. 

2,300 

3.05 

14.0 

L79 

13.2 

2,400 

2.  9.5 

13.8 

3.36 

13.0 

2,500 

2.  75 

12.7 

0.90 

11.9 

2,600 

2.40 

11.6 

0.40 

10.8 

2,680 

0.00 

2,700 

1.70 

7.8 

7.0 

2,780 

0  00 

2,800 

4.7 

3.9 

2,  900 

3.9 

3.1 

3,  000 

3.3 

2.5 

3,  I'M) 

2.  0 

1.8 

3,  200 

2.  3 

1.5 

:i,  300 

1.  9 

. 

1.1 

3,  400 

1.  9 

1. 1 

3,  r*oo 

1.0 

0.8 

(Latitude,  39°  57'  04".l;  longitude,  75^  07'  38".2. 

.3  .^70 

—  0.2 

-  1.0 

Section  18 . 

0 

0.00 

.53.  8 

0.00 

.53.  0 

Position  of  origin  of  section  (end  of  pier,  Pennsylvania 

100 

l.GO 

59.8 

3. 1C 

.59.  0 

side):  Latitude,  39^*  .56'  59" .5;  longitude,  7.5^  08'  24".8. 

200 

2.61 

55. 4 

4.  .59 

54.6 

300 

3.  37 

48.2 

4.63 

47.4 

400 

3.  Tm) 

39.0 

4.26 

3.^.  2 

’  500 

3.41 

32.  4 

3.  77 

31.6 

C4M) 

3.  27 

2H.  1 

3.  40 

27.  3 

700 

3.  10 

2:{.  8 

31 

2:?.  0 

. 

800 

2. 77 

20.  5 

3.  25 

19.7 

•  900 

2.99 

18.1 

3.92 

17.3 

1,000 

2.  r.r> 

1.5.  5 

.3.77 

14.7 

1,100 

2.  27 

12.  3 

3.  .55 

11.5 

1,200 

2.32 

9.9 

3.11 

9.1 

1,300 

2.59 

8.0 

2.  .55 

7.2 

1  1,400 

2. 95 

6.7 

2.04 

5.9 

Area  of  section:  Flood,  64,772  square  feet;  ebb,  61,892 

1,  r»oo 

3.  25 

9.9 

1.58 

9.1 

square  feet. 

1,000 

3.  43 

18.  .3 

1.49 

17.  5 

Mid-area  — 790  feet. 

1,700 

3.  .57 

20.8 

2. 61 

20.0 

1,  800 

3.  05 

21.5 

2.98 

20.7 

Mid- volume:  Flood,  m  feet;  ebb,  525  feet 

1,900 

3  .  0.5 

20.2 

2. 77 

19.4 

2,000 

3.50 

19.  1 

2. 49 

18.3 

2,100 

3.40 

18.1 

2.  31 

17.3 

2,200 

3.29 

17.9 

2.18 

17.1 

Plane  of  reference  for  depths  above  mean  low-w.ater:  • 

2, 300 

3.13 

17.9 

S.0C 

17.1 

Maximum  flood,  475  feet;  maximum  ebb,  4  feet 

2,400 

3.  02 

17.7 

1.89 

16.9 

2,500 

2.  79 

15.4 

1..53 

14.6 

2,  GOO 

1.93 

12.  C 

0.00 

11.8 

2  660 

0.00 

2, 700 

C.2 

6.4 

2,800 

4.6 

8.8 

2,900 

4.0 

8.2 

3,000 

3.6 

2.7 

8, 100 

2.9 

2.1 

3,200 

2.3 

1.6 

3,300 

2.4 

LO 
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DELAWARE  R1VP:R— Continued. 


Transverse  curves  of  velocity,  and  perimeters — Continued. 


Sections. 

Distance  from  origin. 

Hood. 

Ebb. 

Bemarki. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Feet  per  eec. 

Feet. 

Fut  per  eec. 

Feet 

Section  18— Cout'd. 

3, 400 

2.1 

. 

1.3 

3  500 

1.8 

1.0 

0.8 

0.0 

[tude,  750  07'  39".  1. 

3  6J0 

0. 0 

Position  of  end  of  section:  Ldititude,  39®  56'  56". 5;  longi- 

0 

14.  6 

13.8 

Position  of  origin  of  section  (end  of  wharf,  Pennsvlvanio 

45 

22. 6 

.  21.8 

side):  Latitude,  39®  56'  50".4f  longitude,  75®  08'  30". 

145 

53.0 

53.1 

165 

0  00 

0.00 

245 

2.80 

58.5 

3.04 

57.7 

345 

3.36 

56.8 

4.17 

56.0 

445 

3.52 

52.0 

4.44 

51.2 

545 

3.53 

46.9 

4.39 

4a  1 

645 

3.27 

30.1 

4. 15 

38.3 

745 

2.82 

28.8 

3.72 

2a  0 

845 

2.10 

17.3 

3.15 

las 

045 

1.17 

13.1 

2.77 

12.3 

Area  of  section:  Flood,  67,264  square  feet;  ebb,  64,080 

1,045 

1.06 

1L3 

2.54 

10.5 

square  feet. 

1,145 

1. 17 

10.4 

2.39 

0.6 

Mid-area =725  feet 

1,245 

1.38 

1L2 

2.27 

10.4 

1,345 

L69 

ILO 

2.22 

10.2 

1,445 

2.06' 

7.6 

2.14 

6.8 

Mid- volume:  Flood,  730  feet;  ebb,  648  feet. 

1,545 

2.42 

8.1 

2.06 

7.3 

1,645 

2.75 

9.3 

L96 

8.5 

1,745 

3.11 

14.5 

2.08 

13.7 

Plane  of  reference  for  depths  above  mean  low- water: - 

1,845 

3.54 

20.8 

2. 45 

20.0 

Maximum  flood,  4.75  feet;  maximiun  ebb,  4  feci. 

1,945 

3.69 

23.4 

2.90 

22.6 

2,045 

3.55 

21.8 

3.06 

21.0 

2,145 

3.28 

20.2 

2.97 

19.4 

2,245 

3.12 

19.9 

2.89 

19.1 

2,343 

3.00 

19.8 

2.81 

19.0 

2,445 

8.  01 

19.2 

2.67 

18.4 

2,545 

2.90 

19.3 

2.77 

18.5 

2,645 

2.65 

18.1 

2.17 

17.3 

2, 745 

2. 28 

13.5 

1.29 

12.7 

2,845 

1.47 

11.4 

0.00 

10.6 

ftude,  75®  07'  53". 

2,855 

1.34 

11.0 

10.2 

Position  of  end  of  section:  Latitude,  39°  56'  48". 5;  longi- 

Section  20  (east 

0 

0.00 

6.6 

5.8 

Fosition  of  origin  of  section  (bulkhead  on  Windmill  Isl¬ 

channel). 

loo 

2. 11 

7. 0 

7.1 

and):  Latitude,  39®  56'  38".3;  longitude,  75®  08'  14".  1. 

150 

0.00 

200 

2. 40 

10.4 

1.04 

9.6 

300 

2.82 

16.4 

2.06 

15.6 

Area  of  section :  Flood.  26,205  square  feet,  ebb,  25,065 

400 

3.25 

20.8 

2.63 

20.0 

square  feet. 

500 

3.50 

22.8 

2.81 

22.0 

Mid-iiiea=  761  feet 

600 

3.54 

23.3 

2.87 

22.5 

700' 

3.49 

22.6 

2.99 

21.8 

Mid-volume:  Flood,  755  feet;  ebb,  800  feet 

800  I 

3.43 

2L6 

3.09 

^.8 

900 

3. 28 

21.8 

3.15 

2L0 

1,000 

3.14 

20.1 

3.15 

19.3 

Plane  of  reference  for  depths  above  mean  low-water ; 

1,100 

3.29 

19.  C 

8. 01 

las 

Maximum  flood,  4.75  feet ;  maximum  ebb,  4  feet 

1,200 

3.31 

10.4 

2.71 

18.6 

• 

1, 300 

2.34 

19.1 

2.08 

ia3 

1 

1,400 

*1. 19 

16.1 

0.D5 

15.3 

(tude,  75°  07'  55".9. 

i 

1,425 

0.00 

15.3 

0.00 

14.5 

Position  of  end  of  section:  Latitude,  39°  66'  37".4;  longi- 
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DELAWARE  RIVER — Continued. 


Transverse  curves  of  velocity,  and  perimeters— Continued. 


d 

Flood. 

Ebb. 

"p} 

'u 

Sections. 

o 

i 

.2  a 
>  2 

.s  > 

^  s 

M  a 

a'  o 
> 

2 

a  > 
a 

Bemarlu. 

e'S 

s 

a 

s  V 

P  d  ^ 

^  a 

.d  "m  ^ 

d  o 
.§ 'd  ®‘ 

fi.. 

■n 

Q 

«  ^  ’-S 

a 

U  5  i:- 

o  c  ^ 

Q 

el  3 

S 

ft  2  i:' 

|s.« 

Fe^t  per  sec. 

Fret. 

Feet  per  see. 

Feet. 

Section  20  (west 

0 

0.00 

43.3 

0.00 

42.5 

Position  of  origin  of  section  (wharf  on  Penns vlraiiiAsHe): 
Latitude,  39o  56'  40".2;  longitude,  75^  08^  8^M. 

channel). 

40 

1.69 

49.8 

1.96 

49.0 

140 

3.43 

56. 1 

4. 16 

55.3 

Area  of  section :  Flood,  32,996  square  feet;  ebb,  .32,348 
square  feet. 

240 

3.  39 

55.3 

4.55 

54.5 

Mid-area  ^  30f  feet. 

340 

3.  32 

51.3 

4.37 

50.5 

440 

3.  32 

43.8 

4. 18 

43.0 

Mid-volume:  Flood,  318  feet;  ebb,  315  feet. 

540 

3.  24 

33.4 

3.97 

32.6 

640 

2.  95 

26.  0 

3.  51 

25.2 

Plane  of  reference  for  depths  above  mean  low  water: 

740 

2.  29 

17.4 

2.  .58 

16.6 

Maximum  8ood,  4.75  feet ;  maximum  ebb,  4  feet. 

810 

1.19 

9.6 

1.  .57 

8.8 

rtude.  75^  08'  20". 3. 

Position  of  end  of  section:  Latitude,  39<^  56'  39".6;  longi- 

Section  21  (east 

0 

8.8 

8.0 

Position  of  origin  of  section  (bnlkhead  on  Windmill  Island): 

channel). 

15 

0.00 

10.0 

9.2 

Latitude,  39^  56'  28".5;  longitude,  75°  08'  16". 

75 

0.00 

115 

2.  49 

19.7 

0.65 

0.9 

215 

2.  75 

14. 1 

1.37 

13.3 

315 

2.90 

20.2 

2.44 

19.4 

415 

3.  04 

22.  7 

2.94 

21.9 

615 

3.  15 

2-1.0 

2.92 

23.2 

Area  of  section:  Flood,  20,073  square  feet;  ebb,  27,653 

615 

3.  15 

24. 2 

2.83 

23.4 

square  feeU 

715 

3. 10 

23.3 

2.83 

22.5 

Mid-area -=766  feet. 

815 

2.  95 

21.8 

2.  78 

21.0 

015 

2.85 

21.6 

2.71 

20.8 

Mid- volume:  Flood,  609  feet;  ebb,  730  feet. 

1,015 

3. 01 

20.  2 

2.  72 

19.4 

1,115 

2.96 

18.9 

2.66 

18.1 

1 

1,215 

2.54 

17.6 

2.  35 

16.8 

Plane  of  reference  for  depths  above  mean  low-water: 
Maximum  flood,  4.75  feet;  maximutn  ebb,  4  feet. 

1,315 

1.80 

16.3 

1.63 

1.5.  5 

1,415 

0.57 

12.6 

0.44  j 

11.8 

1,435 

0.  00 

0.00 

1,515 

6.  8 

6.0 

1,615 

6.7 

4.9 

• 

1, 715  * 

1, 765  i 

1 

4.1 

3.  3 

3.8 

3.0 

(tnd^  75°  07'  62".3. 

. i 

1,775 

1 

0 

3.6 

. 1 

2.  8 

PoHitk'n  of  end  of  section:  Latitude,  39°  56'  27".9;  longi- 

Position  of  origin  of  section  (bulkhead  in  sbp,  Pamsylva- 

1 

1 

Section  21  (west 

14.8 

14.0 

. 1 

ohannel). 

100  1 

1 

21.8 

1 

21.4) 

nia  side):  Latit  ude,  39^  56'  30".4 ;  longitude,  75®  OS'  84".5. 
Area  of  section:  Flood,  39,677  square  feet;  ebb,  38,813 

200  ' 

!  j 

28. 0 

1 

27. 2 

0.00 

0.00 

235 

I 

squire  feet. 

300 

1.89 

48.2 

2.81 

47.4 

Mid-ai'ca  =  516  feet. 

1  400 

3.  48 

56.0 

4.43 

55.2 

j 

500 

3.45 

53.7 

4.45 

52.9 

Mid-volume:  FkK)d,  592  feet  ;  ebb,  573  feeL 

600 

3. 47 

49.2 

4.37 

48.4 

700 

8.  51 

44.1 

4.23 

43.3 

800 

3.53 

36.4 

3.99 

35.6 

Plane  of  reference  for  depths  above  mean  low-water: 

• 

900 

3.41 

28.4 

3.62 

27.6 

Maximum  flood,  4.75  feet;  maximum  ebb,  4  feeL 

1,000 

2.94 

20.6 

2.88 

19.8 

[tnde.  750  08'  20".8. 

1 

1,080 

0.00 

13.8 

0.00 

13.0 

Position  of  end  of  section:  Latitude,  39^  50'  29".6;  longi- 

Section  22  (west 

0 

0.00 

40.8 

0.00 

40.0 

Position  of  oiigin  of  section  (at  wharf  on  Pennsylvania 

channel). 

100 

2.62 

60.4 

2.60 

49.6 

side):  Latitude,  39®  56'  22". 2 ;  longitude,  75®  08'  32".9. 

« 

200 

2.  76 

53.3 

4.32 

52.6 

Area  of  section:  Flood,  36,910  s<iuare  feet;  ebb,  36,134 
square  feet. 

Mid-area  <=  368  foot 

1 

1 

300  1 

2.83 

52.5 

4.41 

51.7 

1 

400  1 

2.98 

47.2 

4.28 

46.4 

_ 
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DELAWAEE  RIVEE — Continued. 


Transverse  curves  of  velocity^  and  perimeters — Continued. 


Sections. 

Distance  from  origin. 

. 

Flood. 

Ebb. 

■ 

Bemarks. 

Maximum  velocity 
(retluced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Feet  per  gee. 

Feet. 

Feet  per  sec. 

Feet 

,  Section  22  (west 

500 

3.01 

43.2 

4.11 

42.4 

Mid- volume:  Flood,  377  feet ;  ebb,  383  feet. 

dinnnel) — Cont'd. 

600 

2.88 

37.3 

3.97 

36.5 

700 

2.67 

29.6 

3.74 

28.8 

Plane  of  reference  for  depths  .above  mean  low- water; 

800 

2.45 

21.6 

3.  08 

20.8 

Maximum  flood,  4.75  feet;  m.axlmum  ebb,  4  feet. 

900 

2. 11 

10.  8 

1.36 

10.0 

ftnde.  7:p  08'  18"  2. 

970 

0.00 

2.1 

0.00 

1.3 

Position  of  end  of  section:  Latitude,  56'  longi- 

Section  22  (eAst 

0 

0.00 

4.8 

4.0 

Position  of  origin  of  section  (.at  bulkhead  on  Windmill  lal- 

channel). 

70 

0.00 

and):  Latitude,  39®  56'  22".2;  longitude,  75®  08'  16". 3. 

100 

2.  36 

. 

12. 1 

0.  41 

11.3 

200 

2.83 

13.4 

1.73 

12.6 

300 

3.06 

16.8 

2.34 

l&O 

400 

3. 15 

21.8 

2.  74 

21.0 

500 

3.21 

22.5 

3.  08 

21.7 

Area  of  section:  Flood,  27,984  square  feet;  ebb,  26,536 

600 

3.28 

23.2 

3.23 

22.4 

square  feet. 

700 

3.31 

23.8 

3. 26 

23.0 

Mid-area  =  771  foet. 

800 

3.30 

23.2 

3. 25 

22.4 

900 

3.24 

22.1 

3. 18 

21.3 

1,000 

3.11 

21.  G 

3. 16 

20.8 

Mid- volume ;  Flood,  744  feet ;  ebb,  767  foet. 

1,109 

3.20 

20.8 

3. 14 

20.0 

1,200 

3.30 

20.0 

2.96 

19.2 

1,800 

3.02 

13.0 

2. 36 

12.2 

Plane  of  reference  for  depths  above  mean  low- water: 

1,400 

2.20 

6.8 

1. 17 

6.0 

Maximum  flood,  4.75  feet ;  maximum  ebb,  4  feet. 

1, 470 

0.00 

0.00 

1,500 

6.2 

5.4 

1,600 

5.2 

4.4 

1,700 

4  1 

3.3 

1,800 

8.0 

2.» 

[tudo,  75®  07' 53".l.. 

1,810 

2.8 

2.0 

Position  of  end  of  section:  Latitude,  39®  W  22";  Icmgi- 

0 

17.8 

17.0 

Position  of  origin  of  section  (at  end  of  wharf,  Pennsylvania 

70 

0.00 

0.00 

side) :  Latitude  39®  56'  12";  longitude,  75®  08'  31".8. 

100 

0.99 

38.1 

0.94 

37.3 

200 

3.10 

47.6 

3.54 

46.8 

300 

3.02 

50.0 

3.99 

49.2 

400 

3.06 

4&9 

4.07 

48.1 

500 

3.13 

45.5 

4. 15 

44.7 

- 

600 

3.12 

41.0 

8.90 

40.2 

700 

S.jOO 

36.1 

3.59 

85.3 

800 

2.90 

28.0 

3.43 

27.2 

900 

2.56 

21.1 

3. 19 

20.3 

1,000 

2.25 

11.4 

2.  51 

10.6 

Area  of  section »  Flood,  68,037  square  foet;  ebb,  65,913* 

1,100 

2.  20 

9.1 

1.80 

a3 

square  feot. 

1,200 

2.  32 

10.2 

1.24 

9.4 

Mid-area = 843  feet 

1,300 

2.53 

13.8 

1.07 

13.0 

1,400 

2.67 

16.3 

1.83 

15. 5 

1 

Mid- volume:  Flood,  806  feet;  ebb,  667*fcot. 

1,500 

2.77 

21.2 

2.54 

20.4 

1,600 

2.87 

23.3 

2.75 

22.5 

1,700 

2.96 

23.4 

2. 81  1 

22.0 

O  OQ 

O  U*)  1 

Plane  of  reference  for  depths  above  iiieaii  low-w.Tter ; 

1, 800 

24. 4 

J. 

/o*  0 

Maximmn  flood,  4.75  feet ;  maximum  ebb,  4  feet. 

1,900 

2.79 

24.4 

2.89 

23.6 

2,000 

2.65 

23.0 

2.98 

22.2 

2, 100 

2.67 

22.2 

2.95 

21.4 

i 

2,200 

2.80  i 

1 

20. 7  j 

j  2. 73 

19.  9 

1 

S.  Ex.  13 - 20 
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REPORT  OF  THE  SUPER1NTEM)ENT  OF  THE 


DELAWARE  RIVER— Coiitiuaed. 


Transverse  carves  of  velocity,  and  perimeters — Coutiuued. 


Sectione. 

0 

5 

C 

s 

o 

<0 

V 

d 

.2 

Flood. 

Ebb. 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Feet  per  see. 

Feet. 

Feet  per  see. 

Feet. 

Section  23— Con- 

2,  300 

2.97 

21.2 

2.44 

20.4 

tinned. 

2,  4CK) 

2.82 

21.3 

1.97 

20.5 

2,500 

2. 23 

19.6 

0.98 

18.8 

2,530 

0.00 

2,590 

0.  00 

2,  600 

. 

19.  8 

19.0 

[tade,75O07'67«.4. 

2,  655 

5.3 

4.5 

Poeition  of  end  of  section :  Latitude,  SO**  W  longi*' 

Section  24 . 

0 

0.  00 

22.  6 

0.00 

21. 8 

Foeition  of  origin  of  section  (in  slip,  Peonsylvaiiia  side) : 

100 

1.41 

28.5 

1.83 

27.7 

LaUtude,  39°  56'  01".3 ;  longitude,  08'  28".6. 

200 

2.  62 

33.0 

3.06 

32.2 

300 

3.  30 

43.3 

3.90 

42.5 

400 

3. 19 

46.8 

4.10 

46.0 

500 

2.97 

45.0 

4. 02 

44.2 

600 

2.96 

41.9 

3.87 

41.1 

700 

2.97 

37.3 

3.64 

36.6 

800 

2.76 

31.2 

3.46 

30.4 

900 

*  2.70 

24.5 

3.33 

23.7 

Area  of  section :  Flood,  67,104  square  feet ;  ebb,  65,096 

1,000 

2.69 

17.0 

3.22 

16.3 

square  feet. 

1,100 

2.69 

14.3 

2. 75 

13.5 

Mid-area =911  feet. 

1,200 

2.71 

14.0 

1.70 

13.2 

1,300 

2.70 

15.6 

1.34 

14.8 

Mid- volume:  Flood, 896  feet;  ebb, 731  feet 

1,400 

2.62 

17.6 

1.62 

16.8 

1,600 

2.94 

24.5 

2.54 

23.7 

1,600 

3.06 

28.8 

2.86 

28.0 

1,700 

2.94 

28.0 

2.80 

27.2 

Plane  of  reference  for  depths  above  mean  low-water: . 

1,800  . 

2.79 

28.0 

2.73 

27.2 

Maximum  flood,  4.75  feet ;  mA^Timnm  ebb,  4  feet 

1,900 

2.71 

27.3 

2.62 

26.5 

2,000 

2.70 

25.5 

2.64 

24.7 

2,100 

2.65 

26.1 

2.73 

25.3 

2,200 

2.49 

23.8 

2.41 

23.0 

2,300 

2.04 

19.1 

1.55 

1&3 

2,400 

1.23 

13.2 

0.77 

12.4 

2,485 

0.  00 

0.00 

2,500 

6.2 

5.4 

ttude,76o  07'  57''.5. 

2,510 

5.7 

4.9 

Position  of  end  of  section :  Latitude^  88^  66'  60".7 ;  loogi- 

Section  25 . 

0 

10.0 

9.2 

Position  of  origin  of  section  (end  of  wharf^  Pennsylvania- 

40 

13.3 

12.5 

side)  :  Latitude,  39<’  OS'  49".9i  longitude,  75^  OS'  31".L 

140 

14.4 

13.6 

220  ■ 

0.  00 

0.00 

240 

0.94 

22.8 

0.44 

22.0 

340 

2.19 

30.2  1 

1.71 

29.4 

440 

2.79 

31.4 

2.48 

30.6 

540 

2.83  1 

37.1 

3.20 

36.3 

640 

2.62 

41.8 

3.92 

41.0 

740 

2.  53 

43.1 

4.01 

42.3 

840 

2.60 

42. 1 

3.91 

41.3 

940 

2, 78 

38.4 

3.68 

37.6 

i 

1,040 

2.87 

34.8 

3.39 

34.0 

1, 140 

2.87 

30.7 

3.21 

29.9 

1,  240 

2.83 

25.3 

3.07 

24.5 

Area  of  secl'on:  Flood,  73,923  square  feet;  ebb,  71,705 

! 

1,340 

3.75  : 

20.7 

3.01 

19.9 

square  feet 

1,440 

2. 07 

18.3 

2.88 

17.5 

Mid-area —  1,161  feet 
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SeetioDH 


Section  25— CoDt’d. 


Section  26, 


Section  27 


DALAWAEE  RIVER — Continued. 
Transverse  curves  of  velocity ^  and  perimeters — Continued. 


Distance  from  origin. 

Flood. 

Ebb. 

Remariu. 

Maximum  velocity 
^  reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc- 
ity). 

Feri  p«r  tec. 

Feet. 

Feet  per  tee. 

Feet. 

1,540 

2.64 

17.2 

2.  .50 

16.4 

1,640 

2.71 

19.0 

2. 16 

16  2 

1,740 

2.81 

22.  8 

2.06 

22.0 

1,640 

2.  82 

29.8 

2.30 

29.0 

Mid-volume:  Flooil,  1,234  feetj  ebb,  1,063  feet. 

1,940 

2.  78 

32. 1 

2.04 

31.3 

2.  040 

2.68 

,32.  3 

2.  79 

TI..5 

2, 140 

2.66 

30.8 

2.  82 

.30.0 

Plane  of  refereur.e  for  depths  above  mean  low-water: 

2,240 

2.81 

27.8 

2. 72 

27.0 

Maximum  flootl,  4.75  feet;  maximum  ebb,  4  feet. 

2,340 

2.76 

27.  1 

2.41 

26.3 

2,440 

2  .  .53 

24.1 

1.99 

23.3 

2,r»40 

2. 10 

20,4 

0.82 

19.0 

2  550 

0.  00 

2,640 

0.97 

16.1 

15.  3 

[tude,  75^  07'  57".  L 

2,660 

0.00 

12.2 

11.4 

Po.sition  of  end  of  section:  Latitude,  39®  55'  50  "  7;  longi 

0 

0.00 

14.5 

0.00 

13.7 

Position  of  origin  of  aecUon  (entrance  of  slip,  Penns  viva* 

100 

2.  r»4 

27.9 

0. 91 

27.1 

uia  side) :  L.atitude,  39®  55'  37".7 ;  longitnde,  75®  08'  26".  1. 

200 

2.70 

29.  2 

1.82 

26  4 

300 

2.71 

33.1 

2.67 

36  3 

400 

2. 71 

36  3 

3.51 

35.5 

500 

2.67 

36.6 

3.  91 

35.8 

600 

2.60 

36.7 

3.97 

35.9 

700 

2.55 

36  6 

3.96 

65.8 

800 

2.52 

3.5.5 

3.93 

34.7 

900 

2:ri6 

33.9 

3.71 

33. 1 

Area  of  section:  Flood,  71,810  square  feet  ;  ebb,  09,846 

1,000 

2.65 

30. 1 

3.48 

29.3 

square  feet. 

1, 100 

2.71 

26  7 

3.25 

2.5.  9 

M  id-area  =  1 , 104  feet 

1,200 

2. 73 

24.2 

.3.  01 

2.3.4 

1,300 

2. 73 

22.0 

2.67 

21.2 

Mid  volume:  Flood,  1,115  feet;  ebb,  950  feet. 

1,400 

2. 77 

21.7 

2.24 

20.9 

1,500 

2.82 

21.9 

2.08 

21.1 

1,600 

2.83 

26  6 

2.20 

27.8 

1,700 

2.83 

33.1 

2.32 

32.3 

Plane  of  reference  for  depths  above  mean  low-water: 

1,800 

2.83 

37.0 

2.49 

36.2 

Maximum  flood,  4.75  feet;  maximum  ebb,  4  feet. 

1,900 

2.82 

37.1 

2.61 

86  3 

2,000 

2.81 

35.8 

2.68 

360 

2, 100 

2.74 

31.5 

2.69 

367 

2,200 

2.39 

263 

2.28 

27.5 

2,300 

1. 42 

19.3 

0.00 

164 

2,350 

0.00 

2,400 

60 

62 

(tude,  75®  07'  54".9. 

2.455 

62 

4.4 

1 

Position  of  end  of  teotion:  Latitude,  39®  55^  40";  longi- 

0 

4.8 

4.0 

Position  of  origin  of  section  (bulkhead,  Pennsylvani.n  side): 

100 

66 

4.8 

Latitude,  39®  55'  29".5j  longitude,  75®  08'  26". 

200 

0.00 

10.6 

0.00 

9.8 

300 

2.30 

24.0 

1.42 

262 

400 

2.76 

260 

2.36 

24.2 

500 

2.75 

29.6 

2.96 

268 

600 

2.63 

83.0 

3. 43 

362 

700 

2.66 

364 

656 

34.6 

800 

2.63 

35.5 

662 

34.7 

900 

2.59- 

361 

695 

84.3 
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REPORT  OF  THE  SUPERINTENDENT  OF  THE 
DELAWARE  RIVER— Continued. 


Tramverse  curves  of  velocity^  ami  pa’lmeters — Continued. 


St'ftioiis. 

Distance  from  origin. 

Maximum  velocity 
(reduced  to  mean 
tide.)  ^ 

c 

ckI. 

<.-1  • 

®  5 

11 

H  s 

1 

e*  0  .t: 

P 

Maximum  velocity  j 

( reduced  to  me.an 
tide). 

s 

lb. 

®  i 

0 

S  9 
-.1 

^  s 

P 

Remarks. 

V 

Feet  per  see. 

Feet. 

Feet  per  sec. 

Feet. 

Section  27 — Cont’tl. 

1,000 

2.62 

33.8 

3.92 

33.  U 

1,100 

2.  67 

30.8 

3.  73 

30.0 

Area  of  section:  Flood,  70,100  square  feet;  ebb,  68,100 

1,200 

2.  70 

.30.0 

3.  42 

29.  2 

square  feet. 

1,300 

2.  77 

26.3 

3.11 

25.5 

1, 400 

2.  81 

24.9 

2.94 

24. 1 

Mid  area  1,324  feet. 

1,  500 

2.  85 

23  5 

2.  88 

22  7 

1,600 

2.  89 

22.8 

2.  88 

22.  0 

Mid-volnnie:  Flood,  1,401  feet;  ebb,  1,211  feet. 

1,700 

2.  89 

25.  2 

2.  88 

24.  4 

1,800 

2.80 

29.  5 

2.86 

28.7 

1,900 

2.  75 

34.3 

2.83 

33.  5 

Plane  of  reference  for  depths  above  mean  low-water: 

2,000 

3.  00 

37.0 

2.  83 

36.2 

Maximnm  flood,  4.75  feet ;  maximum  ebb,  4  feet. 

2,100 

3  25 

37.7 

2. 75 

36.9 

2,  200 

3. 12 

30.2 

2.  47 

35.4 

2,300 

2.  80 

32. 4 

2.21 

.31.6 

2, 400 

2  55 

29.4 

1.66 

28.6 

[tude,  75°  07'  55".2. 

2,  500 

0.00 

19.8 

0.  00 

19.0 

Position  ot  end  of  section:  Latitude,  39®  55'  35".9;  longi- 

0 

3.8 

3.0 

Position  of  origion  of  section  (marsh  line,  Pennsvlv^nia 

100 

4.1 

3.3 

side)  :  Latitude,  39®55'21".4;  longitude,  76®  08  21".9. 

200 

6.  8 

6.0 

210 

(LOO 

0.00 

300 

2.  00 

20.  6 

1.84 

19.8 

400 

2.68 

23.9 

2.63 

23.1 

500 

2. 77 

27.8  1 

2.  95 

27.0 

600 

2.72 

31.8 

3.09 

31.0 

700 

2.65 

33.  8 

3.14 

33.0 

800 

2.  62 

33.  3 

3.27 

32.5 

900 

2.  62 

32.6 

3.67 

31.8 

1,000 

2.65 

31.2 

3.96 

30.4 

Area  of  section:  Flood,  69,445  square  feet;  ebb,  67,125 

1, 100 

2. 72 

29.8 

3. 92 

29.0 

square  feet. 

1,200 

2.74 

28.0 

3.  75 

27.2 

Mid-area  =  1,411  feet 

1,800 

2,79 

27.2 

3.57 

26.4 

1, 400 

2.89 

25.7 

3.36 

24.9 

1,600 

2.99 

26.1 

3.20 

2.5. 3 

Mid- volume:  Flood,  1,476  feet;  ebb,  1,309  feet 

1,600 

8,  05 

28,1 

3.16 

27.3 

1, 700 

8.10 

30.6 

3.03 

29.8 

1,800 

3.11 

32.1 

2.89 

81.3 

Plane  of  reference  for  depths  above  mean  low- water : 

1,900 

3.11 

35.0 

2.05 

34.2 

Maximum  flood,  4.75  feet;  maximum  ebb,  4  feet 

2,000 

3. 11 

35.8 

3. 13 

35.0 

2,100 

3.13 

35.9 

3.08 

85.1 

2,200 

8.08 

34.5 

2,78 

33.7 

2.800 

2.68 

28.3 

2.24 

27.5 

2,400 

2.10  1 

19.3 

1.73 

18.5 

2,500 

L57 

9.1 

0.41 

a2 

2,  510 

0.00 

2,600 

1. 29 

7.0 

a2 

2,700 

1. 16 

6.5 

5.7 

2,800  1 

0.83 

5.8 

5.0 

[fnde,  75®  07'  47".2. 

2,900 

0.00 

5.0 

4.2 

Position  of  end  of  section :  Latitude,  39®  sy  31".6 ;  longi* 

inn  9Q 

0 

0.00 

2.  i 

1.7 

Position  of  origin  of  section  (on  marsh,  Pennsylvania 

1  100 

1.80 

3.4 

0.00 

2.6 

side) :  Latitude,  39®  55''09".8;  longitude,  75®  OS'  12".'^. 

1  200 

2.05 

10.6 

L82 

9L8 

1 
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DELAWARE  RIVER — Contiuoed. 


Transverse  curves  of  velocity,  and  Continued. 


Sections. 

Distance  from  origin. 

Flood. 

Ebb. 

Kemarki. 

Maximiun  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maxiiuum  veloc- 
it.\). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc* 
ity). 

‘ 

Fert  per 

Feet. 

Feet  per  sec. 

Feet 

SeetipD  29— Oont’d. 

300 

2. 69 

25.  5 

3.03 

24.7 

400 

2. 73 

28.8 

3.  47 

28.0 

500 

2.  78 

31.3 

3.  75 

30.5 

600 

2.  91 

33. 1 

3.  86 

32.3 

700 

2.99 

31.9 

3.  81 

31.1 

800 

2.92 

30.  2 

3. 72 

29.4 

900 

2.  87 

28.2 

3.64 

27.4 

1,000 

2.90 

28.3 

3.56 

27.5 

1. 100 

3.04 

28. 1 

3.49 

27.3 

1,200 

3.13 

28.5 

3.44 

27.7 

1,300 

3. 13 

3L6 

3.39 

30.8 

1,400 

3.08 

32.8 

3.  .35 

32.0 

1,500 

3.17 

34.0 

3. 40 

33.2 

Area  of  section:  Flood,  07,060  square  feet;  ebb,  64,212 

1,600 

3. 42 

37.7 

3.  51 

36.9 

.square  feet. 

1,700 

3.61 

38.0 

3.62 

37.2 

MMl-are.'i=  1,337  feet. 

1,800 

3. 66 

32.5 

3.41 

31.7 

1,900 

3.64 

26.1 

3.02 

25.3 

Mid- volume :  Flood,  1,314  feet;  ebb,  1,194  feet. 

2,000 

3.53 

22.1 

2.66 

21.3 

2.100 

3.29 

1&6 

2.36 

17.8 

•  2,200 

2.81 

16.1 

2.08 

15.3  . 

2,300 

2.23 

12.6 

1.74 

11.8 

Plane  of  reference  for  depths  above  mean  low- water:# 

Maximum  flooil,  4.75  feet;  maximum  ebb,  4  feet 

2, 400 

0.26 

a2 

0.27 

7.4 

2,405 

0.00 

0.00 

2,500 

10.2 

9.4 

2,600 

7.0 

a2 

2,700 

5.8 

5.0 

2,800 

4.8 

4.0 

2,900 

4.2 

3.4 

3,000 

3.8 

ao 

8,100 

3.8 

ao 

3,200 

3.4 

ae 

3,300 

3.0 

a2 

8,400 

2,5 

1.7 

8,500 

2.7 

L9 

[tnde,  750  07/  30//.7. 

3,600 

0.0 

—  0.8 

Position  of  end  of  section :  I«atitQde,  39®  55^  23".8 ;  long!- 

Section  30 . 

0 

as 

as 

Position  of  origin  of  section  (on  marsh,  Pennsylv.ania  side): 

50 

0.  00 

0.00 

Latitude,  39®  Sy  00''.4;  longitude,  75®  08'  07".2. 

100 

2.28 

&3 

L36 

5.5 

200 

8.21 

25.0 

2.75 

24.8 

300 

8.32 

29.2 

a  47 

2a4 

400 

3.05 

31.0 

a88 

30.2 

500 

2.89 

30.0 

a  93 

29.2 

600 

2.80 

29.1 

a  76 

2a  8 

700 

2.81 

28.7 

ac4 

27.9 

800 

2.80 

28.1 

3. 00 

27.3 

900 

2.95 

28.6 

3.83 

27.8 

Area  of  section:  Flood,  65,282  square  feet;  ebb,  63,382 

square  feet 

1,000 

2.96 

29.4 

3. 50 

28.0 

1. 100 

2.93 

30.5 

3.24 

29.7 

Mid-area=l,239  feet 

1,200 

2. 73 

81.7 

3.22 

30.9 

1,300 

2.63 

30.4 

3.  51 

29.6 

Mid- volume:  Flowl,  1,245  feet;  ebb,  1,133  feet 

1,400 

2.76 

32.0 

3.60 

31.8 

1,500 

3.22 

34.8 

a  30 

84.0 
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REPOKT  OF  THE  SUPERINTENDENT  OF 'THE 
DELAWARE  RiyEB^-~Ck>ntinaed. 


Transverse  curves  of  velocity,  and  perinUters — Continned. 


Sectious. 

Distance  from  origin. 

Flood. 

£b1>. 

Bemarka. 

Maximum  velocity 
(reduced  to  mean 
tide). 

®  § 

f  a 

&  a 

p 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc* 
ity). 

Fe4t  per  sec. 

Feet. 

Feet  per  sec. 

Feet. 

* 

Section  30 — Cont’d. 

1,600 

a  43 

38.4 

3.28 

87.6 

Plane  of  reference  fbr  depth#  above  meem  low  irater: 

1,700 

3.52 

40.1 

3. 51 

89.3 

Maximnm  flood,  4.75  feet:  maximum  ebb,  4  feet. 

1.800 

3.55 

39.2 

3.33 

38.4 

1,900 

3.44 

32.6 

2.68 

31.8 

2,000 

3.07 

26.3 

2.02 

25.5 

2,100 

2.57 

19.4 

1.24 

18.6 

2,200 

1. 22 

14.8 

0.29 

14.0 

2^2^ 

0.00 

0.00 

2,300 

11.8 

11.0 

(tnde,  750  07^  38^^a 

2,  375 

9.0 

8-2 

Position  of  end  of  section:  Li^tnde,  39^  55^  08".6;  longi- 

Section  31 . 

0 

0.00 

5.8 

5.0 

Position  of  origin  of  section  (entrance  of  slip,  Pennsylva* 

70 

0.00 

nia  side) :  Latitude,  39°  54'  46".4;  longitude.  75°  08'  00".9. 

100 

2.  47 

22.  0 

1.80 

21. 2 

200 

3.31 

27.  8 

3.  43 

27.0 

300 

3.50 

31.2 

4.04 

30. 4 

400 

3.  55 

32.  5 

4.  26 

31.7 

•500 

3.  39 

30.  9 

4.  19 

30.1 

600 

.3.  09 

28.6 

3.92 

27.8 

700 

2.87 

26.6 

•  3.79 

2.5.  8 

800 

2.  82 

27.4 

3.73 

26.6 

900 

2.  81 

26.6 

3.71 

25.8 

1,000 

2.81 

26.6 

3.71 

25.8 

Area  of  section:  Flnoil,  65,090  square  feet;  ebb,  62,850 

1,100 

2.  79 

26.  8 

3.  70 

26.0 

sqnare  feet 

1,200 

2.80 

29.4 

3.  .58 

28.6 

Mid-area  =1,203  feet 

1,300 

3.  02 

30.4 

3. 46 

29.  6 

1 

1,400 

3.28 

32.8 

3.40 

32.0 

Mid-volume= flood,  1,178  feet;  ebb,  1,061  feet 

1,500 

3. 42 

34.5 

3.38 

33.7 

Plane  of  reference  for  depths  above  mean  low- water: 

1,600 

3.48 

39.3 

.3. 31 

38.5 

Maxironra  flood,  4.75  feet;  maximum  ebb,  4  feet. 

1,700 

3.39 

42.6 

3.06 

41.8 

1,800 

3.21 

42.3 

2.76 

41.5 

1,900 

3.13 

39.2 

2.28 

38.4 

2,000 

2.94 

17.8 

1.73 

17.0 

2,100 

0.33 

8.5 

0.35 

7.7 

2,110 

0.00 

0.00 

2,200 

5.6 

4.8 

2,300 

4.  8 

4. 0 

2,400 

4.6 

a  8  j 

2,500 

4.1 

as  ' 

2,000 

3.  6 

2.8 

2,700 

2.  8 

2.0 

• 

2,800 

/).6 

-  a2 

(tnde,  75°  07'  25".5. 

2,820 

0.0 

Position  of  end  of  section:  Latitude,  39°  54'  63".4;  longi- 

Section  32 . 

0 

1.7 

0.9 

Position  of  origin  of  section  (marsb,  Pennsylvania  side) : 

50 

0.00 

0.00 

Latitude,  39°  54'  36".4 ;  longitude,  76°  07'  59".4. 

100 

1.84 

6.0  1 

1.74 

5.2 

200 

8. 11 

20.2 

3.69 

10.4 

300 

8. 31 

25.2 

4.01 

24.4 

400 

a34 

28.4 

4.12 

27.6 

500 

8.22 

27.9 

4.12 

27.1 

600 

2.03 

2ai 

a84 

27.3 

700 

2.48 

24.G 

a72 

2a8 

4 
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UNITED  STATES  COAST  AND  GEODETIC  SUKVEY.  159 

DELAWAEE  ElVEll— Coutinueil. 


Transverse  curves  of  velocity ,  and  perimeters — Coutinued. 


Statiuns. 

Distance  from  origin. 

Flood. 

Ebb. 

Bemarkt. 

*1 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (ot  time  of 
maximum  veloc* 
ity). 

Feeipergcc. 

Feet. 

Feet  per  tec. 

Feci. 

Section  32— Cont'd. 

SOO 

3.40 

33.3 

3.73 

22.5 

000 

2.45 

24.6 

3.76 

23.8 

1,000 

2.56 

25.7 

3,75 

24.0 

1,100 

2.66 

28.5 

3. 73 

27.7 

1,200 

2.76 

31.5 

3.58 

30.7 

1,300 

2.84 

32.7 

2. 81 

3J.0 

Area  of  section:  Flood,  66,757  square  feet;  ebb,  64,533 

1,400 

2.01 

33.3 

2. 91 

32.  5 

square  feet. 

1,500 

3.00 

36. 2 

3.33 

35.4 

Mid-area^  1.330  feet 

1,600 

3.13 

40.1 

3.68 

39.3 

Mid-volume= flood,  1,322  feet;  ebb,  1,115  feet. 

1,700 

3.28 

43.  1 

3.  07 

42.3 

1,800 

3.30 

43.4 

3.02 

42.6 

Plane  of  reference  for  depths  above  mean  lo^-iraier: 

1,900 

3. 08 

40.7 

2.97 

39.9 

Maximum  flood,  4.75  feet;  maximum  ebb,  4  feet 

3,000 

2.80 

33.6 

0.35 

32.8 

0.00 

2,100 

2.53 

18.1 

17.3 

2,200 

2.24 

6.6 

7.8 

2,300 

1.80 

6.7 

5.0 

2,400 

1.52 

5.2 

4.4 

2,600 

1. 11 

4.3 

as 

2,600 

0.42 

5.1 

4.3 

2,630 

0.00 

2,700 

4.8 

4.0 

[tude,  75®  07'  23".7, 

2,780 

1.8 

1.0 

Position  of  end  of  section:  Latitude,  39®54'38'M;  longi* 

Section  33 . 

0 

0.00 

21.3 

0.00 

20.5 

Position  of  origin  of  section  (outranco  of  slip,  Pennsylva¬ 

80 

3.14 

27.3 

3.50 

26,5 

nia  side) :  Latitude,  39®  54'  29".2 ;  longitude,  75®  97'  57".6. 

180 

3.66 

32,0  ] 

2.95 

31.2 

280 

3.80 

34.0 

3.02 

33.2 

380 

3.26 

32.0 

3.02 

32.1 

Are;k  of  section:  Flood, 07,368  sqiiai'C  feet;  ebb,  65,584 

480 

2.72 

27.0 

4.12 

26.2 

1 

square  feet. 

580 

2.55 

23.9  ! 

3.92 

23.1 

680 

2.46 

23.2 

3. 79 

22.4 

Mid-area  =:  1,215  feet. 

780  1 

2.44 

22.2 

3.  72 

21.4 

Mid-volumo= flood,  1,171  feet;  ebb,  1,073  feet. 

880 

980 

2.55 

2. 90  " 

23.5 

27. 1 

3. 70 

3  57 

22.7 

26. 3 

Plane  of  reference  of  depths  above  mean  low-veuter: 

Maximnm  flood,  4.75  feet ;  maximum  ebb,  4  feet 

1,080 

3.24 

29.7 

3.32 

2a9 

1,180 

3.36 

32.1 

2.89 

31.3 

1,280 

3.42 

36.6  1 

2.09 

35.8 

1,380 

3.44 

39.3 

a  31 

38.5 

1,480 

3.45 

40. 3 .  1 

3.47 

30.5 

1,580 

a43 

40.4 

3.50 

30.6 

1,680 

3.03 

40.3 

3.40 

39.5 

1,780 

2.44 

40.7 

2.92 

39.9 

1,880 

2.04 

35.0 

2.06 

35.1 

1,080 

1.74 

20.6 

1.17 

28.8 

2,080 

L38 

22.3 

0.37 

21.5 

2,130 

0.00 

2,180 

0.74 

8.3 

7.5 

[tude,  750  07'  29".l 

2,230 

0.00 

4.8 

4.0 

Position  of  end  of  section:  Latitude,  30o  54/  longi- 

Section  34 . 

0 

Position  of  origin  of  section  (levee,  Pennsylvania  side) : 

70 

0.0 

Latitude,  30o  54'  19".2;  longitude,  75°  08'  05".5. 

100 

0.6 

—  0.2 

200 

2.5 

1.7 
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KEPORT  OF  THE  SUPERINTENDENT  OF  THE 


DELAWARE  RIVER— Continued. 


Transverse  curves  of  velocity,  and  perimeters — Continued. 


SectiouB. 

g 

Tfc 

o 

B 

p 

a 

c 

d 

a 

5 

Flood. 

Ebb. 

BeniArka. 

Maximum  veliX’ity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

^  Section  34 — Cout’d. 

Fc^t  per  see. 

Feet 

Feet  per  see. 

Feet 

300 

4.4 

3.6 

330 

0. 00 

400 

2.85 

13.1 

12.3 

410 

0.00 

500 

3.  62 

26. 6 

2.  OJ 

25. 8 

«00 

3.60 

29.9 

3.  07 

29.  1 

700 

3.53 

30.9 

3.21 

30. 1 

800 

3.  39 

31.0 

3.47 

30.2 

900 

2.97 

32.  0 

3.90 

31.2 

Area  of  section:  Flood,  69,120  square  feet;  ebb,  66,920 

1,000 

2.69 

30.  3 

4.  01 

29.  5 

square  feet. 

1, 100 

2.  79 

28.7 

3.  89 

27.9 

Mid-aiea=:  1,563  feet. 

l,2i)0 

2.96 

28.  0 

a  73 

27. 2 

1,300 

3.  16 

25.  8 

3.  70 

25.  0 

Mid-voluiue  — flood,  1,462  feet;  ebb,  1,480  feet. 

1,400 

3.34 

26.  5 

3.  70 

2.5.  7 

Plane  of  reference  for  depths  above  mean  low -water: 

1,500 

3.  50 

29.5 

3.  45 

28.  7 

Maximum  flood,  4.75.feei;  maximum  ebb,  4  feet. 

1,600 

3.  55 

33.  5 

3.  18 

32. 7 

1,700 

38.0 

a  01 

37.2 

1,800 

3.  50 

39.8 

3.  12 

39.0 

1,900 

3.  38 

39.  2 

3.36 

38.4 

2,000 

3.  29 

38.0 

3.56 

37.8 

2, 100 

3.21 

38,3 

3.56 

37.5 

2, 200 

3.  08 

35.  8 

3.33 

3a  0 

2,200 

0.00 

2,300 

31.3 

2.53 

30.5 

2,400 

20.  0 

1.00 

19.2 

2,500 

10.6 

0.07 

las 

2,  510 

0.00 

2,600 

11.6 

10.8 

2, 700 

8.8 

8.0 

Itude,  750  07'  30''.6. 

2,  750 

4.8 

4.0 

Position  of  end  of  section:  Latitude,  39®  54' 16";  longi- 

Section  35 . 

0 

—  1.2 

—  2.0 

Position  of  origin  of  section  (levee,  Pennsylvania  side) : 

100 

-f  1.8 

+  1.0 

Latitude,  54'  09".5 ;  longitude,  75^  08'  07".4. 

170 

0. 00 

0.00 

200 

2.00 

6.3 

1.74 

5.5 

- 

300 

2.69 

23.7 

2.94 

22.  9 

400 

3.04 

25.0 

3.39 

24.2 

Area  of  aectiou:  Flootl,  62,460  squai-e  feet;  ebb,  60,540 

500 

3. 24 

26.1 

3.54 

25.3 

square  feetk 

600 

3.33 

27.3 

3.57 

26.5 

M  id-area = 1 , 298  feet. 

700 

3. 35 

2a  8 

a  47 

26.0 

Mid-volume— *flood,  1,261  feet;  ebb,  1,L'01  feet. 

800 

3.38 

30.4 

3.30 

29.0 

900 

a  49 

31.5 

3.13 

30.7 

Plane  of  reference  of  depths  above  mean  low- water : 

1,000 

3.55 

32.2 

3.10 

31.4 

Maximum  flood,  4.75  feet ;  maximum  ebb,  4  feet. 

1, 100 

3.55 

32.  6 

3.48 

31.8 

1,200 

3.54 

32.4 

3.92 

31.6 

1,300 

3.55 

32.7 

3. 75 

31.9 

1,400 

a58 

35.0 

3.58 

34.8 

1,500 

3.58 

38.2 

a63 

37.4 

1,600 

a58 

39.2 

a  70 

38.4 

1,700 

3.48 

3&9 

a  75 

38.1 

1,800 

3.23 

37.2 

3.80 

3a4 

1,900 

aoo 

34.3 

3.68 

33.5 

2,000 

a65 

29.1 

3.30 

2a3 

2,100 

2.10 

21.3 

2.76 

20.5 
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DELAWARE  RIVER— Continued. 


Transverse  curves  of  velocity,  and  perimeters — Continued. 


Sections. 

Diatanco  trom  origin. 

Maximum  velocity 
(reduced  to  mean 
tide). 

o' 

od. 

o  % 

:  a 

•B  ^ 

P.  >j 

o  a 

Maximum  velocity 
(reduced  to  mean 
tide). 

& 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Bemarka. 

Feel  per  see. 

Fret. 

per  tee. 

Feet 

Section  35— Cont’d. 

2,200 

0.46 

14  0 

1.60 

13.2 

2, 270 

0.00 

0.00 

2,300 

7.  5 

6.7 

(tude  75'^  07'  38". 

2,  400 

7.2 

6.4 

Section  36 . 

0 

0.  6 

—0  2 

100 

2.0 

-fl.2 

Latitude,  39°  53'  58".4 ;  longitude,  75°  08'  11".8. 

200 

3.  6 

2.8 

230 

0.  00 

0.00 

300 

2.20 

17.8 

2.89 

17.0 

400 

2. 81 

26.0 

3.62 

25.2 

500 

3.18 

28.4 

a43 

27.6 

600 

3. 48 

32.0 

3.  26 

31.2 

700 

3.60 

36.3 

3.  15 

35.5 

800 

3.68 

40.6 

3.26 

39.8 

900 

3.09 

41.4 

3.  55 

40.6 

Area  of  section:  Flood,  60,701  square  feet;  ebb,  58,705 

1,000 

3.  70 

39.7 

3.86 

38.9 

square  feet. 

1, 100 

3.74 

36.1 

4.09 

35.3 

Mid-area  =  1,152  feet. 

1,200 

8.76 

34.2 

4. 12 

33.4 

Mid- volume  =  flood,  1,131  feet;  ebb,  1,174  feet 

1,300 

3. 76 

33.8 

4.06 

33.0 

1,400 

3.72 

32.9 

4.  01 

32.1 

Plane  of  reference  of  depths  above  mean  low-water: 

1,600 

3.70 

32.0 

3.99 

31.2 

Maximum  flood,  4.75  feet;  maximum  ebb,  4  feet 

1,600 

3.67 

31.2 

3.93 

30.4 

1,700 

3.65 

30.5 

3.82 

29.7 

1,800 

3.57 

29.4 

3.77 

28.6 

1,900 

3.14 

27.7 

3.67 

^^9 

2,000 

2.30 

21.5 

3.43 

20.7 

2,100 

0.82 

13.8 

2.56 

13.0 

2,130 

0.00 

2,200 

9.2 

0.66 

8.4 

2,230 

0.00 

2,300 

5.2 

4.4 

2,400 

3.3 

2.5 

ftude,  75°  07'  42".9. 

2,420 

as 

2.5 

Position  of  end  of  section:  Latitude,  39°  58'  49".5;  longi- 

Section  37 _ 

0 

2.7 

Position  of  origin  of  section  (marsh,  Pennsylvania  side): 

10 

0.00 

0.00 

Latitude,  39°  53'  44".8;  longitude,  75°  08'  16".5. 

100 

L19 

4.8 

1.40 

4.0 

200 

2.06 

16.8 

2.47 

16.0 

300 

2.57 

23.0 

2.81 

22.2 

400 

2.84 

28.1 

3.01 

27.3 

Area  of  section:  Flood,  64,800  square  feet;  ebb,  63,916 

’  500 

3.03 

31.8 

3. 13 

31.0 

square  feet 

600 

3.1.1 

37.0 

3.20 

36.2 

Mid-area  =  1,040  feet 

700 

3.22 

43.4 

3.35 

42.6 

800 

a23 

47.6 

3.48 

46.8 

900 

3.27 

48.2 

3.64 

47  4 

1,000 

3.36 

48.1 

a  79 

47.3 

1,100 

3.50 

48.1 

3.86 

47.3 

1,200 

■  .1.59 

46.7 

3.  81 

45.9 

1  1,300 

3.67 

44.0 

3.73 

4a  2 

1 

1  1,400 

3.61 

38.9 

3. 64 

38.1 

1 

1 

1,500 

3.  37 

31.0 

.1.62 

30.2 

1 

1,600 

3.19 

22.3 

3.50 

21.5 

e.  Ex.  13 - 31 
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Seclious. 

d 

’cC! 

‘E 

o 

S 

o 

C 

ij 

'j 

a 

't. 

5 

I'lood. 

Ebb. 

Benjnrka. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

®  § 

.1 

^  1 

Sq 

^  .JL 

^  i  - 
(S 

i 

Fe^t  per  ^ec. 

Fret. 

Feet  per  see. 

Feet. 

Section  37 — Coufil. 

J,700 

3.  13 

18.2 

3.  .52 

17.4 

1,  8lK) 

3.  08 

15.  2 

2.  96 

11.4 

Mid  volume  =  flood,  1,040  feel;  ebb,  1,045  feet. 

1,900 

2.  8-1 

13.  6 

1.  13 

12.  8 

2,000 

2.  21 

17.3 

0.04 

16.5 

Plane  of  reference  of  depths  above  mean  low-water: 

2, 010 

0.  00 

Maximum  flood,  4.75  feet;  maximum  ebb,  4  feet. 

2,  100 

1.00 

9.6 

8.8 

2,  200 

0.  03 

6.8 

6.0 

2, 210 

0.  00 

2,  300 

5.8 

5.0 

2,  400 

4.8 

4.0 

[tude,  760  07'  46".8. 

2,  430 

4.5 

3.7 

I’oailiou  of  end  of  eiction :  Latitude,  39®  OS'  87".7i  krngi- 

Section  38 . 

u 

0.  00 

0.0 

-0.  8 

PoBilion  of  origin  of  aeclion  (marsh,  Pennsylvania  side): 

100 

1.06 

3.8 

3.0 

Latitude,  30°  53'  31".l ;  longitude,  75®  08'  30".i. 

150 

0.00 

200 

1.48 

6.5 

0.61 

5.7 

300 

L67 

7.9 

1.65 

7.1 

400 

1.82 

8.7 

2.20 

7.9 

500 

1.84 

9.0 

2.46 

8.2 

600 

1.77 

&3 

2.60 

7.5 

700 

1. 72 

7.4 

2.45 

6.6 

800 

1.60 

10.0 

2.24 

9.2 

000 

1.67 

13.5 

2.40 

12.7 

1,000 

1.  73 

17.1 

2.77 

16.3 

1,100 

1.91 

19.8 

3.24 

19.0 

1, 200 

2.  05 

21.8 

3. 41 

21.0 

1,300 

2.  09 

23.1 

3.38  • 

22.3 

1,400 

2.08 

24.8 

a  30 

24.0 

1,500 

2. 05 

26.7 

3.28 

25.9 

Area  of  section:  Hood,  65,370  square  feet;  ebb,  81,850^ 

1,600 

2, 01 

28,2 

3.30 

27.4 

square  feet. 

1,700 

2. 17 

31.0 

3. 37 

30.2 

1,  800 

2.49 

34.6 

3,50 

83.8 

Mid-area =2, 144  feet. 

1,900 

2.  77 

38.4 

3.62 

37.6 

Mid-volame«> flood,  2,178  feet;  ebb,  1,984  feet 

2,000 

2.96 

43.0 

3.  72 

42. 2 

Plane  of  reference  for  depths  ahora  mean  low- water: 

2, 100 

3.03 

4.5.  8 

3.80 

45.0 

Maximum  flood,  4.75  feet;  maximum  ebb,  4  feet 

2, 200 

3.04 

46.6 

3.  81 

45.8 

2,300 

3.14 

46.6 

3.62 

45.  8 

2, 400 

3.22 

45.1 

3.23 

44.3 

2,500 

2.  95 

39.8 

2.  71 

39.0 

2,600 

2.87 

32.6 

2.19 

31.8 

2,  700 

2.84 

24.3 

1.73 

23.5 

2,800 

2.75 

21.0 

1.35 

20.2 

2, 900 

2.53 

20.1 

1.06 

19.3 

3,  000 

2.  31 

19.0 

0.84 

18.2 

.3, 100 

2.20 

18.3 

0. 61 

17.5 

3, 200 

2.16 

15. 8 

0.41 

15.0 

3,  300 

2. 12 

14.7 

0. 18 

13.9 

3,  300 

0.00 

1 

3,400 

j  2. 02 

13.1 

12.3 

3,500 

1.91 

12.0 

1L2 

3,600 

1.75 

11.0 

10.2 

3,  700 

1.  43 

9.4 

8.6 

3,800 

0.99 

8.5 

7.7 

3,900 

0.00 

6.8 

6.0 
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Swtionfl. 

1 

o 

1 

1 

I 

Flood. 

Ebb. 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Feet  per  tee. 

Feet. 

Feet  per  tec. 

Feet 

Section  38— Cout’i.l. 

4,000 

6.0 

5.  2 

4. 100 

5.5 

4.^ 

4,200 

5. 1 

4.  .3 

4,  300 

4.2 

3.4 

4, 400 

0.8 

0.0 

(tilde,  75-'  07'  40".6. 

4,410 

0.8 

Poftilion  of  end  of  section:  latitude,  39^  53'  15".4;  longi- 

Section  39 . 

0 

0.0 

-  0.8 

Position  of  origin  of  section  (marsh,  Pennsylvania  aide) 

100 

5.  3 

4.5 

Latitude,  39°  53'  25".4;  longitude  ‘75o  08'  53". 

110 

0.00 

0.00 

200 

1.35 

9.2 

0.94 

8.4 

300 

1.89 

12.0 

1.60 

11.2 

400 

2.04 

13.4 

1.73 

1*2.6 

m 

2.04 

13,  3 

1.74 

1*2.5 

600 

2.00 

11.7 

1.  65 

10.9 

700 

1.97 

8.8 

1.64) 

8.0 

800 

1.98 

7.4 

1..54 

0.6 

900 

1.97 

’8.1 

1.53 

7.3 

1,000 

1.9G 

9.8 

1.09 

9.0 

1, 100 

1.92 

12.0 

2.01 

11.2 

1,200 

1.H7 

1.5. 1 

2.  51 

14.3 

1,300 

1.83 

17.4 

3.03 

10.6 

1,400 

1.70 

18.9 

3.32 

18.1 

1,500 

1.74 

19.3 

3.31 

18.5 

1,600  1 

1.74 

19.7 

3. 23 

18.9 

1,700 

1.K9 

20.3 

3.  21 

19.  5 

1,800 

2.31 

21. 0 

3. 18 

20.2 

1,900 

2.  .Vi 

22.  0 

.3.  20 

21.2 

Area  of  section:  Floml,  90,093  square  feet;  ebb,  91,093 
square  feet. 

2,000 

2.04 

22.  8 

3.  21 

*22. 0 

2,100 

2. 69 

23.7 

3.24 

22.  9 

Mid-area  =  2,052  feet 

2,200 

2.69 

24.8 

3. 30 

24.0 

Mid  volume  =  flood,  2,011  feet;  ebb,  2,481  feet 

2,300 

2.69 

27.  2 

3.33 

20.4 

1’lane  of  reference  for  depths  above  mean  low-water; 

2,400 

2.70 

31.8 

3. 35 

31.0 

Maximum  floml,  4.75  feet;  maximum  ebb,  4  feet. 

2,500  1 

2.  70 

38.8 

3.37 

38.0 

2,600 

2.80  ! 

4.3.8 

3.42 

43.0 

2,700  ' 

2.70 

45.2 

3. 47 

44.4 

2,800 

2.6.1 

43.1 

3.40 

42.3 

2,900 

2.  .50 

40.6 

3.  31 

8a  8 

3,000 

2. 47 

37.0 

3.03 

36.8 

3,100 

2.  01 

34.2 

2.00 

33.4 

3,200 

2.  73 

30.8 

2.10 

30.0 

3,300 

2.  00 

20.  5 

1.74 

2,5.7 

3,  400 

2. 40 

21.2 

1.33 

20.4 

3,500 

2.12 

19.2 

1.07 

ia4 

3,600 

1.99 

17.8 

0.96 

17.0 

3, 700 

1.88 

10.5 

0.87 

15.7 

3,800 

1.84 

15.7 

0. 77 

14.9 

3,900 

1.70 

15.2 

0.08 

14.4 

4,000 

1.68 

14.5 

0.57 

13.7 

4, 100 

1.03 

12.0 

0.41 

11.2 

4,200 

1.57 

10.4 

0. 21 

9.6 

4,300 

1.40 

9.5 

0.00 

a7 

4,400 

1.36 

ai 

7.3 
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Spctioim. 

Distance  from  origin. 

Flooil. 

Ebb. 

Remorlcs. 

Maximum  velocity 
(reduced  to  mean 
tide). 

©  " 

B  k 

^  a 
^  ^ 

©  p  -t; 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Fffit  per  sec. 

Feet. 

Feet  per  sec. 

Feet. 

Section  39— Cent  M. 

4,500 

1.17 

7.3 

. 

6.  .5 

4,600 

0.96 

6.5 

. 

6.7 

4,  700 

0.  73 

6.3 

. : 

6.5 

4,  800 

0.  43 

6.1 

5.3 

4,900 

0. 13 

6.  1 

5.3 

5,000 

0.00 

5.6 

4.8 

5  100 

5.  5 

4.7 

.5  200 

5.  6 

4.7 

A  300 

5.4 

4.6 

5  400 

5.  3 

4.5 

6,  500 

5.1 

4.3 

Itnde,  760  07'  67".8. 

5,  500 

4.8 

4.0 

Position  of  end  of  section :  Latitude,  39o  52'  50^.6;  longi- 

Section  40 . 

0 

0.00 

3.3 

0.00 

2.5 

Position  of  origin  of  section  (marsh,  Pennsylvania  side); 

100 

1.46 

5.7 

0.84 

4.9 

Latitude,  39^  53'  21".2;  longitude,  75o  ©O'  08".5. 

200 

1.97 

10.1 

1.41 

9.3 

300 

2.  31 

13.2 

1.70 

12.4 

400 

2.  51 

16.8 

1.85 

16.0 

500 

2.52 

17.6 

1.92 

16.8 

600 

2.52 

17.1 

1.92 

16.3 

700 

2.  51 

15. 6 

1.86 

14.8 

80t» 

2.  49 

14.0 

1.81 

13.2 

900 

2.  r.i 

13.5 

1.76 

12.7 

1,000 

r»2 

12.3 

1.72 

11.5 

1. 100 

2.  36 

8.0 

1.71 

7.2 

1,  200 

2.06 

7.  5 

1.97 

6.7 

1,  :u»o 

2.  05 

9.6 

2.69 

8.8 

1,400 

2.  20 

11.6 

3.20 

10.8 

1,500 

2.33 

14.6 

3.43 

13.8 

1,600 

2.44 

15.7 

3.52 

14.9 

Area  of  section:  Flood,  1 00,  square  feet;  ebb,  95,820 

1, 700 

2.56 

17.3 

3.53 

16.5 

square  feet. 

1,800 

2.63 

17.8  1 

3.  51 

17.0 

Mid-area  =  3,010  feet 

1,  9(K) 

2.65 

18.0 

3.47 

17.2 

2,000 

2.64 

18.  5 

3. 43 

17.7 

Mid- volume  =  flood,  2,'810  feet;  ebb,  2,770  feet. 

2,100 

2.60 

18.5 

3. 36 

17.7 

Plane  of  reference  for  depths  above  mean  low- water*. 

2,200 

2.56 

18.8 

3.22 

lao 

Maximum  flood,  4.75  feet ;  maximum  ebb,  4  feet. 

2,300 

2.61 

19.2 

3.12 

18.4 

2,400 

2.64 

20.2 

3.19 

19.4 

2,500 

2.78 

20.8 

3.33 

20.0 

2,600 

2.65 

21.8 

3.42 

21.0 

2,700 

2.  51 

22.9 

3.43 

22.1 

2,800 

2.28 

27.1 

3.43 

26.3 

2,900 

2.16 

33. 1 

3. 45 

32.3 

8,000 

2.42 

42.4 

3.52 

4L6 

3,100 

2.  62 

44.9 

3.56 

44.1 

3,200 

2.56 

45.0 

8.47 

44.2  • 

3,800 

2.55 

43.4 

3. 14 

42.6 

8,400 

2.42 

89.  1 

2.74 

3a3 

8,500 

2.25 

34.6 

2.29 

33.8 

8,600 

2.12 

27.3 

1.91 

26.5 

3, 700 

2.01 

23.0 

1.58 

23.1 

3,800 

1.03 

22.3 

1.30 

21.6 

3,900 

1.83 

21.5 

1. 10 

20.7 
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SectionA. 

Distance  from  origin. 

Hood. 

Ebb. 

RanarkB. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloo 
ity). 

Feet  per  %ec. 

Feet. 

Feet  per  see. 

Feet. 

Section  40— Cont’d. 

4.000 

1.70 

20. 3 

0.95 

19.5 

4, 100 

1.58 

19.0 

0.80 

]a2 

4,200 

1.50 

17.6 

0.57 

1&8 

4, 300 

1.38 

15.  5 

0.  38 

14.7 

4,400 

1.28 

13.0 

0.20 

12.8 

4,470 

0.00 

4,600 

1.10 

11.1 

10.3 

4,600 

l.Ol 

8.6 

7.8 

4,700 

0.86 

7.8 

7.0 

4,800 

0. 72 

7.2 

6.4 

4.900 

0.58 

7.0 

&2 

5,000 

0.43 

6.0 

5.8 

5. 100 

0.30 

6.7 

5.9 

5,200 

0.15 

6.8 

6.0 

5,300 

0.00 

6.5 

5.7 

5, 400 

6.3 

6w5 

5.500 

6.7 

4.9 

5,600 

5.  5 

4.7 

5,700 

5.4 

4.6 

5,800 

4.8 

4.0 

(tude,  750  08'  28". 

5,900 

0.0 

0.0 

Position  of  end  of  section:  Latitnde,  39°  52'  31".9;  longl- 

Section  41 . 

0 

0.00 

4  2 

3.4 

Position  of  origin  of  section  (marsh,  League  Island);  Lati¬ 

70 

0.00 

tude  .39°  53'  17".3;  longitude,  75°  09'  22".5. 

100 

1.68 

9.3 

0.72 

8.5 

200 

2.21 

18.4 

1.81 

17.6 

300 

2.52 

19.5 

1.98 

18.7 

• 

400 

2.69 

20.2 

1.99 

19.4 

500 

2.68 

19.8 

1.99 

19.0 

600 

2.54 

19.4 

1.97 

lae 

700 

2. 35 

18.5 

1.84 

17.7 

800 

2.31 

15.9 

1.34 

15.1 

900 

2.33 

9.5 

0.73 

8.7 

1,000 

2. 39 

9.1 

0.62 

8.3 

Area  of  section:  Flood,  99,780  sqnare  feet;  ebb,  05,100 

1,100 

2.  51 

8.8 

1.20 

8.0 

square  feet. 

1.200 

2.02 

8.9 

2.22 

ai 

Mid-ares  =  2, 705  feet. 

1,300 

2.71 

11.1 

2.65 

10.3 

MId-volnme  =  flood,  2,389  feet;  ebb,  2,700  feet. 

1,400 

2.81 

13. 1 

2.80 

12.3 

1,500 

2.90 

14.7 

2.  87 

13.9 

Plane  of  reference  for  depths  above  mean  low-water : 

Maxhuiim  flood,  4.75  feet;  maximum  ebb,  4  feet. 

1,600 

3.07 

17.8 

2.84 

17.0 

1,700 

3.14 

18.5 

2.78 

17.7 

1,800 

3.17 

20.2 

2.69 

19.4 

1,900 

3. 18 

21.0 

2.60 

20.2 

2,000 

3.20 

22.  1 

2. 64 

21.3 

2,100 

3.13 

22.6 

2.63 

21.8 

1 

2,200 

X  03 

23.  .5 

2.  63 

22. 7 

2, 300 

2.  98 

23.7 

2.  .81 

22.  9 

1 

2,400 

2.  92 

24.  1 

3.  05 

23.3 

2,500 

2.84 

24.6 

.3.18 

2.3.8 

2,600 

2. 70 

26.8 

3.16 

26.0 

2, 700 

2.71 

29.8 

3.06 

29.0 

2,800 

2.69 

33.6 

3.01 

32.8 

2,900 

2.66 

30.4 

3.08 

35.0 
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l-lood. 

Ebb. 

1  — 

‘Ei 

■E 

o 

6 

1 

* 

Sections. 

s  s 

J  e 

U 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

^  £ 
s  s 

u  . 

6 

E  > 

’f  a 

*3  H 

Kemnrki. 

a 

es 

• 

Q 

a  £  2 

•Mi 

«  £  43 

*  a 

5  ’3 

(S 

Section  42— Cout'd 

1,900 

Feet  per  see 
3.53 

Feet. 

24.8 

ji- Vc<  per  sec 
2. 74 

Feet. 

24.0 

2,000 

3.44 

24.9 

2.88 

24. 1 

2,100 

3.28 

24.5 

2. 98 

2.1.7 

2,200 

3.11 

24.9 

3.  09 

24.1 

2,300 

3.04 

25.  5 

3.23 

24.  7 

2,400 

3.01 

28.1 

3.  38 

27.3 

2,500 

2.97 

31.0 

3.  52 

31. 1 

2,eoo 

2.  92 

31. 8  ' 

3.56 

34.0 

2, 700 

2.86 

36.  5 

3.61 

35.7 

2,800 

2. 76 

36.7 

3.62 

35.9 

2,000 

2.68 

36.0 

3.60 

3,5. 2 

3,000 

2.  57 

35.  1 

3.49 

34.3 

3,100 

2.  44 

34.5 

3.  32 

33.7 

3,200 

2.20 

33.1 

3.06 

32.3 

3,300 

1.81 

30.4 

2.69 

29.6 

3,400 

1.  31 

27.0 

2.27 

26.2 

3,500 

3,600 

8,690 

0. 70 

0.27 

0.00 

21.9 

13.2 

1.88 

1.45 

21.1 

12.4 

Plane  of  reference  for  depths  above  mean  low-crater: 
Maximum  flood,  4.75  feet;  maximtun  ebb,  4  feet 

8.700 
8,800 
8,900 
8,966 

4;  000 

4.100 

4,200 

4,300 

4,400 

4,500 

4,600 

4. 700 
4,800 

7.8 

6.7 

6.3 

1.06 

0.60 

0.31 

0.00 

7.0 

5.9 

5.5 

* 

6.0 

5.5 

4.8 

4.1 

3.9 

5.2 

4.7 

4.0 

3.3 

3.1 

2.8 

2.7 

2.7 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

3.6 

3.5 

3.5 

3.  6 

4,000 

5,000 

5,  m 
5,200 
5,300 

5, 400 

3.  6 

3.  6 

3.  6 

‘ 

3.  6 

3.  6 

[tilde,  750  oy  41".  8. 

Position  of  end  of  section:  Latitude,  39®  52'  27".7;  longi- 

3.6 

Section  43 . 

0 

0.00 

1.  8 

1.0 

6.9 

Position  of  origin  of  section  (levee,  Leagne  Island):  Lati¬ 
tude,  390  53'  12".5;  longitude  75®  09'  68".2. 

100 

1.13 

7.7 

150 

0.00 

0.52 

200 

1.01 

17.1 

16.3 

300 

2.37 

23.3 

1.52 

22.5 

400 

2.64 

25.1 

2.23 

24.3 

500 

600 

700 

800 

2.77 

2.70 

2.80 

2.83 

27.3 

28.2 

27.1 

25.8 

2.40 

2.35 

2.21 

2.01 

26.6 

27.4 

26.3 

2.5.0 

Area  of  section:  Flood,  83,435  square  feet;  ebb,  80,779 
square  feet 

Mid-area  =  1,742  feet 

900 

2.02 

25.5 

2.00 

24.7 

1,000 

3.00 

24.0 

2.44 

23.2 

1,100 

3.06 

23.0 

2.72 

23.1 

• 

1,200 

8.13 

25.0 

2.77 

24.2 
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DELAWARE  RIVER— Continued. 
Transverse  curves  of  velocity,  and  perimeters — Continued. 


SectiouB. 

Distance  from  origin. 

Flood. 

Ebb. 

BemArka. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  c>* 
maximum  veloc 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc« 

ity). 

Feet  pel'  8€c. 

Feet. 

Feet  per  sec. 

Feet. 

Section  43 — Cont’d. 

1,  :m 

3. 17 

26.  6 

2.83 

25.8 

1,400 

3.26 

27.0 

2.89 

26.2 

1,500 

3. 35 

28.2 

2.95 

27.4 

1,600 

3.  40 

29.0 

3.01 

28.2 

1,700 

3.  30 

29.2 

3.05 

28.4 

1,800 

3.  22 

30.3 

3.05 

29.5 

1,000 

3.  14 

32.0 

3. 11 

31.2 

2,000 

3.03 

33.9 

3.40 

33. 1 

Mid- volume  — flood,  1,662  feet;  ebb,  1,966  feet^ 

2, 100 

2.93 

35.6 

3.94 

34.8 

2, 200 

2.81 

36.3 

4  2?r 

35.5 

Plane  of  reference  for  deptha  above  mean  low-w^r: 

2,300 

2.  72 

3.5.8 

4.12 

35.0 

Maximum  flood,  4.75  feet;  Tnaximnin  ebb,  4  feet. 

2,  400 

2.  62 

35.0 

3.94 

34.2 

2,500 

2.54 

33.9 

3.73 

33.1 

2,600 

2.  45 

32.  3 

3.56 

31.5 

2, 700 

2.34 

31.0 

3.35 

30.2 

2, 800 

2. 10 

27.5 

3. 11 

26.7 

2,900 

1.77 

21.3 

2.56 

20.5 

3,000 

1.36 

15.0 

1.87 

34.2 

3, 100 

0. 49 

6.6 

1. 16 

5.8 

3,110 

0.  00 

3, 200 

6.2 

0.55 

5.4 

3, 300 

4.4 

0.06 

3.6 

[tude,  750  10'  io/'.9. 

3, 320 

3.8 

0.00 

3.0 

Position  of  end  of  section :  Latitude,  30®  52'  40" ;  longi- 

Section  44 . 

0 

2.3 

1.5 

,  Position  of  origin  of  section  (levee,  League  Islaud):  Lati¬ 

70 

0.  00 

0.00 

tude,  39°  53'  11  ".1 ;  longitude,  75®  10'  20".9. 

100 

0.  62 

9.6 

0.21 

8.8 

200 

1.66 

20.5 

1.00 

39.7 

300 

2.06 

27.6 

2.12 

26.8 

400 

2.36 

29.3 

2.49 

28.5 

500 

2.63 

31.3 

1.92 

30.5 

COO 

2.83 

32.0 

1.65 

31.2 

700 

2.91 

32.4 

1.86 

31.6 

800 

2.  91 

32.9 

2.40 

82.1 

Aiva  of  section:  Flood,  84,375  square  feet;  ebb,  81,599 

900 

2.95 

33.2 

2.81 

32.4 

square  feet. 

1,000 

3.11 

32.3 

2.90 

1  31.5 

Mid-area  =  1,480  feet 

1, 100 

3.29 

31.5 

2  96 

30.7 

1, 200 

3.42 

31.5 

2.99 

30.7 

Mid-volume  =  flowl,  1,422  feet;  ebb,  1,661  feet 

1,300 

3.51 

32.3 

3.04 

31.5 

Plano  of  reference  for  depths  above  mean  low- water: 

1, 400 

3.39 

33.3 

3.09 

32.5 

Maximum  flood,  4.75  feet;  maximum  ebb,  4  feet. 

1,500 

3.20 

33.8 

3.12 

33.0 

1,600 

3.08 

34.7 

a25 

33.9 

1,700 

2.95 

3.5.3 

3.50 

34.5 

1,800 

2.87 

35.3 

3.95 

34.5 

1,900 

2.82 

35.4 

4.21 

34.6 

2,000 

2.78 

35.4 

4. 19 

34.6 

2,100 

2.69 

3.5.3 

4.07 

34.5 

2,200 

2.54 

33.8 

3.92 

33.0 

2,300 

2.25 

32,3 

3.75 

31.5 

2,400 

2.26 

30.1 

3.52 

29.3 

2,500  . 

2.34 

23.4 

3.20 

22.6 

2,000 

2.36 

14.8 

2.72 

14.0 

2,700 

2.26 

10.5 

2.25 

9.7 
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DELAWARE  EIVEE — Continued. 


Transverse  curves  of  velocity^  and  perimeters — Continued. 


d 

Flood. 

Ebb. 

Sections. 

Distance  from  origi 

Maximom  velocity 
(redaced  to  mean 
tide). 

Depth  (at  time  of 
maxtmam  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Bwnarka. 

Feet  per  gee. 

Feet 

Feet  per  gee. 

Feet 

- 

Section  44 — Cont’d. 

2,800 

2.07 

9.0 

1.74 

8.2 

2,900 

1.80 

8.0 

1.25 

7.2 

3,000 

1. 49 

6.1 

0. 76 

5.3 

3, 100 

3, 170 
3,200 
3,300 
3,370 

3, 400 

1.12 

5.2 

0.31 

0.00 

4.4 

0.78 

5. 1 

4.3 

0.36 

4.7 

3.9 

0.00 

3.9 

3.1 

[tude,  750  i(K  18//.8. 

3,470 

0.8 

0.0 

Position  of  end  of  section:  Latitude,  39®  52'  36''.8;  longi- 

0 

3.1 

• 

2.3 

Position  of  origin  of  section  (levee.  League  Island) :  Lati- 

100 

4.1 

3.3 

tude,  390  53'  11".8;  longitude,  75°  1(K  46".6. 

200 

5. 1 

4.3 

300 

15.8 

15.0 

315 

0.00 

0.00 

400 

2.10 

22.1 

1.39 

31.3 

500 

2.29 

25.6 

1.82 

24.8 

600 

2.42 

30.4 

1.96 

29.6 

700 

2.50 

32.9 

2.09 

32.1 

800 

2.54 

33.0 

2.31 

32.2 

1 

900 

2.66 

34.8 

2.57 

34.0 

1 

1,000 

3. 14 

36.4 

2.75 

35.6 

1. 100 

3. 42 

36.3 

2.82 

35.5 

1,200 

3.42 

36.4 

2.86 

35.6 

1,300 

3.37 

3a  2 

2.82 

35.4 

1 

1,400 

1,500 

1,600 

1, 700 

3.25 

3.14 

3. 05 

2.03 

35.8 

34.8 

35.0 

35.1 

2.82 

2.82 

2.92 

3.22 

35.0 

34.0 

34.2 

34.3 

Area  of  section:  Flood,  90,055  square  feet;  ebb,  87,099 
square  feet. 

Midarea = 1, 636  feet. 

1,800 

2.78 

35.1 

3.51 

34.3 

Mid-volume= flood,  1,557  feet;  ebb,  1,799  feet. 

1,900 

2,000 

2,100 

2.58 

2.35 

2.30 

35.6 

35.3 

34.6 

3.72 

3.87 

3.95 

34.8 

34.5 

83.8 

Plane  of  reference  for  depths  above  mean  low-water: 
Maximum  flood,  4.75  feet ;  maximum  ebb,  4  feet. 

2,200 

2.28 

34.4 

3.94 

33.6 

2,300 

2.19 

32.8 

3.82 

32.0 

2. 400 

2.18 

29.9 

3. 61 

29.1 

2,500 

2.22 

24.4 

3.33 

23.6 

2,600 

2.28 

20.6 

2.82 

19.8 

2, 700 

2. 35 

1.3.9 

2.28 

13.1 

2,800 

2.41 

9.6 

1.87 

a8 

2,900 

2.47 

13.3 

1.83 

12.5 

3,000 

2.52 

15.0 

2.23 

14.2 

3, 100 

2.57 

10.3 

2.45 

15.5 

3,200 

2.58 

17.3 

2.30 

16.5 

3,300 

2.54 

17.1 

1.68 

16.3 

3, 400 

3, 415  I 

3,iS00 

3,600 

2.10 

10.1 

0.30  1 

0.00 

9.3 

1.01 

a4 

5.6 

0.06 

5.7 

4.9 

3,615 

3,695 

0.00 

(tude  750  lO'  41".6. 

Position  of  end  of  section :  Latitude,  39®  52^  36".  4 ;  longi- 

2.8 

2.0 

S.  Ex.  13 - 22 
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SectionB. 

4 

i 

1 

8 

1 

Flood. 

Ebb. 

JUmnarkm. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  time  of 
maximum  veloc¬ 
ity). 

Fe^t  per  sec. 

Feet. 

Feet  per  see. 

Feet. 

Section  46 . 

0 

3.4 

2.6 

Position  of  origin  of  Bection  (levee,  League  Idaiid}:  Lati- 

100 

5.0 

4.2 

tude,  39°  53'  08".2;  longitude,  70P  U'  18" A. 

140 

0.  00 

200 

0.16 

5.4 

0.00 

4.6 

300 

0.82 

7.1 

0.41 

6.3 

400 

2.38 

23.3 

1.42 

22.5 

500 

2.91 

30.0 

2.23 

29.2 

600 

2. 91. 

31.6 

2.38 

30.8 

700 

2.80 

31.7 

2.38 

30.9 

800 

2.71 

30.8 

2.37 

30.0 

900 

2.71 

30.3 

2.44 

29.5 

1,000 

2.77 

29.1 

2.59 

28.3 

1, 100 

2.93 

29.0 

2.79 

2a  2 

1,200 

3. 12 

30.7 

2.96 

29.9 

1,300 

3. 15 

33.0 

2.06 

32.2 

1,400 

3.06 

34.4 

2.88 

33.6 

1,500 

2.97 

33.5 

2.77 

32.7 

1,600 

2.87 

32.3 

2.72 

31.5 

1, 700 

2.73 

32.6 

2.88 

31.8 

Area  of  section:  Flood,  92,485  square  feet;  ebb,  89,055 

1, 800 

2.48 

32.2 

3.10 

31.4 

square  feet. 

1,900 

2.29 

31.9 

3.34 

31.1 

Mid-area = 1,787  feet. 

2,000 

2.20 

31.6 

3.50 

30.8 

2,100 

2. 13 

31. 1 

3. 61 

30.3 

Mid-volume8= flood,  1,580  feet;  ebb,  1,775  feet. 

2,200 

2.07 

29.8 

3.68 

29.0 

Plane  of  reference  for  depths  above  mean  low- water: 

2, 300 

1.94 

28,5 

3.72 

27.7 

Maximum  flood,  4.75  feet;  mAximnni  ebb,  4  feet. 

2,400 

1.84 

25,0 

3.74 

24.2 

2,500 

1. 76 

22.0 

3.56 

21.2 

2,600 

1.77 

20.4 

3.22 

19.6 

2,700 

1. 77 

16.9 

2.82 

lai 

2,800 

1.79 

10.6 

2.46 

9.8 

2,900 

1.92 

6.6 

2.16 

5.8 

8,000 

2.18 

1L3 

1.92 

10.5 

3,100 

2.48 

14.8 

1.87 

14.0 

3,200 

2.73 

18.0 

L86 

17.2 

3,300 

2.84 

20.6 

L83 

19.8 

3,400 

2.87 

22.7 

1.82 

21.9 

3,500 

2.88 

23.5 

1.88 

22.7 

3,600 

2.84 

22.8 

2.00 

22.0 

3,700 

2.42 

20.1 

L89 

19.3 

3,800 

1.30 

14.8 

1.46 

14.0 

3,900 

0.20 

6.9 

0.76 

ai 

3, 940 

0.00 

4,000 

5.1 

0.16 

4.3 

4,040 

0.00 

4, 100 

4.6 

as 

4,200 

3.8 

ao 

[tude,  750  11'  00"  a 

4,300 

1.8 

1.0 

Position  of  end  of  section:  Latitude,  30o  52'  26".7;  longi- 

47. _ 

0 

0.00 

0.8 

0.0 

Position  of  origin  of  section  (levee.  League  Island):  Lati¬ 

100 

1.01 

6.7 

ao 

tude,  390  53'  06".6;  longitude,  75o  11'  28".8. 

200 

L12 

6.6 

5.8 

300 

0.95 

6.1 

5.8 

360 

0.00 
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DELAWARE  RIVER — Continued. 
Transverse  curves  of  velocity^  and  perimeters — Continued. 
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EBPORT  OF  THE  SUPERINTENDENT  OF  THE 
TABLE  No.  48. 

Locus  of  the  center  of  the  cross-section  in  Delaware  River. 

[The  origin  of  the  oi-dinates  in  this  table  is  at  intersection  of  meridian  75°  08'  00"  with  parallel  30®  50^  (My'.] 


No.  of  cross- 
section. 

Distance,  in  feet, 
on  parallel  x. 

Distance,  in  feet, 
on  meridian  y. 

Itadius  of  curva¬ 
ture,  in  feet. 

Direction  of 
concavity. 

47 

-15, 730 

-  19, 360 

00 

4C 

-14,  C59 

-19, 120 

198,000 

N. 

45 

-12,  773 

—18,  051 

9,700 

S. 

44 

—10,  898 

-15.  550 

130,000 

8. 

43 

—  9,305 

-18, 081 

152,  000 

S. 

42 

—  7,600 

-10,  021 

150,  000 

N. 

41 

—  5,810 

-19, 101 

5,  800 

N. 

40 

-  3,720 

-18,000 

5, 100 

N.W. 

39 

-  2,072 

-17.  311 

0,  300 

N.W. 

38 

—  1,065 

-  1.5,839 

9,500 

N.W. 

37 

-  285 

—14,000 

29,000 

N.W. 

36 

+  160  1 

-12,  748 

24,  400 

&E. 

35 

+  680 

-11,505  i 

1  43, 400 

N.W. 

34 

+  1, 115  1 

-10,  380 

9,  200 

N.W. 

33 

4-  1,  390 

-  9,260 

4,  000 

N.W. 

32 

+  1, 375  ' 

-  8,375 

5,300 

8.W. 

31 

+  1,110 

-  7, 180 

16,600 

S.W. 

30 

+  610 

—  5,600 

19,  000 

S.W. 

20 

+  200 

-  4,580 

17,  000 

S.W. 

28 

—  375  1 

-  3,400 

14,  300 

S.W. 

27 

-  760 

—  2,745 

3,  OCO 

N.B. 

26 

-  945 

-  2, 150 

34,  700 

W. 

26 

-  1,270 

—  985 

8,300 

N.B. 

24 

-  1, 415 

+  80 

103, 400 

28 

-  1,685 

+  1,235 

BAST  OHANNBL. 

WBBT  CHAKKBL. 

u 

« 

09 

s 

E  g 

o  .2 

o 

d 

Distance,  in  feet, 
on  parallel  x. 

Distance,  in  feet, 
on  meridian  y. 

Kadius  of  curs’a- 
ture,  in  feet. 

Direction  of  con¬ 
cavity. 

Distance,  in  feet, 
on  parallel  x. 

Distance,  in  feet, 
on  meridian  y. 

Eadins  of  curva¬ 
ture,  in  feet. 

Direction  of  con¬ 
cavity. 

22 

—510 

+2, 235 

1  —2,135 

-t-2,240 

21 

—400 

-1-2,  800 

8,191 

N.W. 

-2, 175 

-f3,035 

6,053 

N.B. 

20 

—330 

-l-3,820 

-2,076 

-f-4,035 
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Ml 

s* 

Diatnnoe,  in  feet, 
on  ponllel  x. 

Diatance,  in  feet, 
on  meridian  y. 

Badios  of  curva¬ 
ture,  in  feet. 

Direction  of 
concavity. 

19 

—  1,650 

-  1,245 

+  5,040 
+  5,945 

18 

3, 300 

N.W, 

17 

-  1, 120 

+  6,950 

9,000 

S.E. 

16 

—  860 

+  8,010 

3, 200 

S.E. 

15 

-  505 

+  8,615 

3,800 

S.E. 

14 

+  155 

+  9, 320 

5,600 

S.E. 

13 

+  830 

+  9,840 

8,800 

S.E. 

12 

11 

+  1,620 
+  2,380 

+10,330 

+10,590 

3,800 

S.E. 

NOBTH  CHANNEL. 

SOUTH  CHANNEL. 

“I 

o 

s 

Distance,  in  feet, 
on  parallel  x. 

Distance,  in  feet, 
on  meridian  y. 

Kadius  of  curva¬ 
ture,  in  feet. 

Direction  of  con¬ 
cavity. 

Distance,  in  feet, 
on  parallel  x. 

Distance,  in  feet, 
on  meridian  y. 

Badius  of  curva¬ 
ture,  in  feet. 

1 

i! 

10 

1  +  3,145 
+  4,846 

1  +  6,741 

+  9,580 
+  0,270 
+  8,965 

9 

+  3,180 
+  4,605 

+11,980 

+12,752 

8 

18,000 

S.E. 

2,600 

N.W. 

7 

+  5,736 

+13,342 

13,200 

S.  E. 

,  +  8,016 

+  9,585 

6,100 

N.W. 

6 

+  7,081 

+13,820 

19,800 

N.W. 

1  +  9,342 

+10, 730 

8,100 

N.W. 

5 

+  8,401 

+14,400 

11,300 

S.E. 

+10,052 

+11, 620 

3,^ 

S.B. 

4 

+10, 572 

+14, 940 

+11, 216 

+12, 315 

5,000 

No.  of  cross- 
section. 

Distance,  in  feet, 
on  parallel  x. 

Distance,  in  feet, 
OD  meridian  y. 

Badius  of  curva¬ 
ture,  in  feet. 

Direction  of 
concavity. 

3 

2 

1 

+13, 072 
+15,958 
-LJ7.963 

+14,300 
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CHAPTER  I. 

THE  THEORY  OF  CYCLONES. 


1.  In  the  general  motions  of  the  atmosphere,  treated  of  in  the  first  part  of  these  Researches, 
the  disturbing  cause  is  the  difference  of  density,  arising  mostly  from  the  difference  of  temi)erature 
between  the  equatorial  and  polar  regions  of  the  globe,  and  each  one  of  the  two  similar  systems  of 
atmospheric  circulation  arising  from  this  cause,  and  having  one  of  the  poles  of  the  earth  for  its 
center,  embraces  a  whole  hemisphere.  In  the  ordinary  cyclonic  disturbances  of  the  atmosphere 
the  causes  are  similar,  but  more  local,  embracing  generally  a  comparatively  small  part  of  a  hemi¬ 
sphere,  and  consist  in  a  difference  of  density  arising  mostly  from  a  difference  of  temperature 
between  some  central  area  and  the  external  surrounding  parts  of  the  atmosphere.  In  the  latter 
case  the  conditions  to  be  satisfied  arc  those  expressed  by  equations  (22),  Part  I.  Where,  however, 
the  part  of  the  earth’s  surface  to  which  these  equations  are  to  be  applied  is  of  such  extent  only 
that  the  whole  area  may  be  regarded  as  a  plane,  and  the  curvature  of  the  surface  may  be  neglected 
without  material  error,  we  have  the  approximate  and  more  simple  equations  of  (23),  Part  I.  In 
these  latter  equations  cos  ip  (sine  of  the  latitude),  belonging  to  the  center,  is  used  instead  of  cos 
which  differs  in  value  between  the  equatorial  and  polar  sides  of  the  cyclone.  This  makes  the 
equations  symmetrical  on  all  sides  of  the  cyclone,  when  the  disturbing  cause  is  symmetrical,  and 
consequently  simplifies  them  very  much,  but  it  should  be  understood  that  these  equations  cannot  be 
applied  to  very  large  cyclones  without  considerable  error. 

2.  The  expressions  of  some  of  the  terms  of  these  equations  may  be  simplified  by  adopting  the 
following  notation,  putting 

r  =  the  linear  distance  from  the  center ; 

u  =  the  velocity  in  the  direction  of  r ; 

V  =  the  velocity  in  a  direction  perpendicular  to  r  on  the  left ) 
and  putting  also  F„  and  F^  for  the  components  of  F  in  the  directions,  respectively,  of  the  velocities 
u  and  i?,  we  shall  then  have  in  equations  (23),  Part  I,  Du  log  P'  =  D^  log  P',  Du  log  a'  z=  D^  log  a', 
D  *  u  =  D,  w,  D  *  V  =  D,r,  D,  u  =  w,  Fu  =  F„,  and  Fy  =  F,.  If  we  also  assume  that  a'  is  a  func¬ 
tion  of  r  simply,  or,  in  other  words,  that  the  disturbing  cause  is  symmetrical  on  all  sides,  we  shall 
have  Dy  log  a'  =  0,  and  consequently  Dy  log  P'  =  0.  With  these  changes,  by  omitting  the  accent 
on  o',  since  we  for  the  present  assume  o  to  be  the  same  for  all  altitudes,  the  equations  become 


(1) 


D,  log  P'  =  o  ((2 n  cos  V'  +  v)  —  F„  —  D, ti)  +  ghD^a. 
0  =  2  (n  cos  V'  +  vj  w  +  Fy  +  D,  v. 


in  which 


is  the  angular  gyratory  velocity  around  the  center,  relative  to  the  earth’s  surface,  n  cos  (p  being  the 
angular  gyratory  velocity  due  to  the  earth’s  rotation  on  its  axis. 

These  are  the  equations  of  a  regular  cyclone,  symmetrical  on  all  sides,  but  it  must  be  borne  in 
mind,  that  in  addition  to  these  equations  the  condition  of  continuity  must  also  be  satisfied,  or,  in 
other  words,  that  the  motions  of  the  air  satisfying  these  equations  must  also  be  such  as  will  not 
cause  a  greater  or  less  volume  of  air  to  flow  into  any  given  space  than  flows  out  of  it  at  the  same 
time.  This  condition  is  satisfied  by  gyratory  motions  with  uniform  velocities  on  all  sides  at  the 
same  distances  from  the  center,  and  is  also  satisfied  by  interchanging  motions  between  the  internal 
and  external  parts  of  the  atmosphere  of  the  disturbed  area,  provided  these  are  such  as  to  cause  no 
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greater  or  less  volume  of  air  to  move  toward  than  from  the  central  part,  at  any  given  distance 
from  the  center,  unless  there  is  a  corresi)onding  change  in  the  amount  of  air  and  of  barometric 
pressure  in  the  interior  part. 

From  (11)  and  (20),  Part  I,  we  get  for  the  expression  of  the  symbol  a,  adopted  for  the  conven¬ 
ience  of  expression, 

=  ^7^700154  4  .OOTnl  “  78455  (  1  +  .004 


in  which  g  =  9.8053“  is  the  acceleration  per  second  of  the  velocity  of  a  falling  body  near  the 
earth’s  surface  on  the  parallel  of  45^,  and  t  is  the  temperature  of  the  air  in  centigrade  degrees,  and 
I  =  7989®,  is  the  height  of  a  homogeneous  atmosphere.  For  the  expression  of  which  is  the 
value  of  a  at  the  earth’s  surface,  t  becomes  f',  the  temperature  at  the  surface. 

Where  a  cannot  be  assumed  to  have  the  same  value  at  all  altitudes,  without  its  leading  to  too 
much  error,  but  must  be  regarded  as  a  function  of  /^,  then,  instead  of  a  or  a'  in  (23),  Part  I,  we 

must  put which  will  include  the  small  neglected  term  J\h)  in  (14),  Part  I,  from  which  the 


preceding  equations  have  been  deduced.  Since  a  is  a  function  which  varies  with  the  variable 

where  the  rate  of  decrease  of  temperature  with  the  altitude  varies  much  at  different  distances  from 

r 

the  center  of  the  cyclone,  the  use  of  the  expression*^  instead  of  a,  may  have  considerable  effect 

th 

upon  the  conditions  of  the  cyclone,  expressed  by  equations  (1),  especially  when  h  is  great,  while  the 
effect  from  the  absolute  change  of  the  value  of  a  would  be  very  little. 

3.  In  the  case  of  no  friction  we  have  F„  =  0,  and  from  the  last  of  (1)  and  from  (2)  we  get  in 
this  case,  by  patting  for  i^its  equivalent  D,r, 


0  =  2  ( n  cos  ip  +  v)Dtr  +  rDtV. 

This  gives  by  integration 

(4)  .  .  .  .  r*  (  n  cos  ^  +  V )  =  c, 

in  which  c  is  a  constant  depending  upon  the  initial  state  or  amount  of  gyratory  velocity  of  any 
given  particle  of  air  considered  independently  of  the  others,  each  particle  being  supposed  to  bo 
free  and  not  acted  upon  through  friction  by  the  contiguous  particles,  as  implied  by  putting F^  ==  0. 

Since  (n  cos  ^  +  v )  is  the  angular  gyratorj"  velocity  due  both  to  the  earth’s  rotation  on  its 
axis,  and  the  gyratory  motion  arouud  the  center  relative  to  the  earth’s  surface,  the  first  member  of 
(4)  expresses  the  area  swept  over  by  the  radius  r  in  a  unit  of  time  in  consequence  of  both  parts 
of  the  gyration,  and  hence  this  equation'is  simply  the  expression  of  the  well-known  principle  of 
the  preservation  of  areas  where  there  are  only  centripetal  or  centrifugal  foiccs. 

If  we  put 

To  =  the  initial  distance  or  value  of  r, 

Vo  =  the  initial  angular  gyratory  velocity ; 

we  shall  have 

c  =  ro*  (  n  cos  +  Vo). 

For  the  different  particles  of  air,  therefore,  there  must  in  general  be  different  values  of  the 
constant  c,  for  any  given  initial  state  whether  of  motion  or  of  rest  relative  to  the  earth’s  surface. 

If  we  now  suppose  that  the  particles  of  air  have  a  mutual  action  upon  one  another  through 
friction,  but  that  there  is  no  friction  between  the  air  and  the  earth’s  surface,  all  the  particles  then, 
whatever  may  have  been  their  original  state  with  regard  to  motion  or  restj  will  be  brought  to 
have  the  same  gyratory  velocity  at  all  altitudes  at  the  same  distances  from  the  center,  and  we 
must  in  this  case  have  the  sum  of  the  areas  for  all  the  particles  equal  to  the  sum  of  the  initial 
areas,  since  the  equality  of  areas  cannot  be  affected  by  the  mutual  actions  of  the  particles  upon 
one  another.  Equation  (4)  then  will  have  the  same  constant  for  each  one  of  the  particles  of  air, 
and  we  shall  have 


r*  (n  cos  ^  +  v)  =  C 
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in  which,  putting  m  for  the  mass  of  the  air, 


(6) 


fmC  _f„rJ‘{n(ios<p  +  Vo) 
m  m 


This  is  upon  the  hypothesis  of  an  interchanging  motion  simply  between  the  interior  and  exte¬ 
rior  parts,  due  to  any  cause  whatever,  and  of  no  friction  between  the  air  and  the  earth’s  surface, 
and  does  not  hold  strictly  when  we  take  into  account  this  friction  and  other  conditions  of  the  prob¬ 
lem,  as  will  be  shown. 

If  the  air  has  no  initial  gyratory  motion  relative  to  the  earth’s  surface,  we  have  v©  =  0,  and  if 
the  part  of  the  atmosphere  under  consideration  is  circular,  having  the  radius  of  the  limit  equal  to 
E,  we  then  get,  upon  the  hypothesis  that  the  height  of  the  air  is  not  materially  changed  by  the 
gyrations, 

(7)  .  .  .  G  =  ^^-^—’  =  i'R^nco8<t' 

From  (5)  and  (7)  we  get  for  the  case  in  which  the  air  is  supposed  to  have  no  initial  gyratory 
motion, 

(8)  .  .  .  .  ,  =  (^^_l)cO8  0 


In  the  northern  hemisphere,  where  cos  4^  is  positive,  this  expression  gives  a  positive  value  of  v 
in  the  interior  part,  which  approximates  to  infinity  at  the  center,  where  r  =  0,  and  in  the  external 
part  a  negative  value;  and  hence,  according  to  the  definition  of  r  in  §2,  upon  which  v  depends,  it 
gives  a  gyratory'  motion  from  right  to  left  in  the  interior  part,  and  from  left  to  right  in  the  exterior 
part.  In  the  southern  hemisphere  where  cos  is  negative  the  gyi*ations  are  all  reversed. 

If  in  (8)  we  put  v  =  0,  we  get 


for  the  distance  from  the  center  in  this  case,  at  which  the  gyratory  motion  relative  to  the  earth’s 
surface  vanishes  and  changes  sign. 

4.  If  we  should  substitute  the  value  of  v  in  (8)  in  the  first  of  (1),  this  equation,  then,  could  be 
treated  like  the  similar  equation  in  the  general  motions  of  the  atmosphere  in  §35,  Part  I,  and  we 
should  get  an  expression  for  the  value  of  log  P'  similar  tothat  of  (41).  We  should  consequently  have 
the  barometric  pressure  at  the  earth’s  surface  equal  0  at  the  center,  and  any  infinitely  thin  stratum 
of  equal  density  and  pressure,  of  any  altitude  whatever  in  the  exterior  part,  would  be  brought  down 
to  the  earth’s  surface  near  the  center  at  a  greater  or  less  distance,  according  to  the  height  of  the 
stratum  in  the  exterior  part,  and  the  rapidity  of  the  gyrations.  In  the  case  of  a  homogeneous  fluid 
without  friction,  since  in  this  case  there  would  be  a  definite  outline  or  surface,  the  surface  of  the  earth 
would  be  left  entirely  bare  for  some  distance  from  the  center  of  gyrations.  It  is  readily  seen  from 
the  expressions  that  in  the  case  of  no  friction  the  force  which  tends  to  drive  the  air  from  the  center 
is  mostly  the  centrifugal  force  arising  from  the  great  rapidity  of  the  gyrations  near  the  center. 

At  the  equator,  where  cos  ^  =  0,  (8)  gives  v  =  0 ;  hence  at  the  equator  no  gyrations  can  arise 
from  the  influence  of  the  eartli’s  rotation  on  its  axis,  and  if  there  are  any  gyrations  there  they  must 
arise  from  initial  gyrations  whose  angular  gyratory  velocity  is  represented  by  Vo  in  (6). 

5.  The  preceding  results  have  been  obtained  upon  the  hypothesis  of  no  friction  between  the 
air  and  the  earth’s  surface,  and  are  independent  of  any  form  of  the  disturbing  function  contained 
in  the  term  ghjy^am  the  first  of  (1),  but  are  deduced  from  the  last  of  these  two  equations  ujmn 
the  assumption  simply  that  there  is  an  interchanging  motion  between  the  interior  and  the  exterior 
parts  of  the  disturbed  area,  due  to  any  centripetal  or  centrifugal  forces  whatever,  and  giving  a 
value  to  Uj  or  its  equivalent  D,r,  in  the  last  of  (1).  But  these  results  are  very  much  modified  in  the 
real  case  of  nature  in  which  there  is  friction  between  the  air  and  the  earth’s  surface.  We  must, 
however,  have  in  some  degree  the  same  kind  of  gyrations,  since  fidction  between  the  air  and  the 
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earth’s  surface  being  a  function  of  the  velocity  which  vanishes  when  the  latter  vanishes,  there  can 
be  no  friction  to  resist  this  tendency  of  the  air  to  run  into  these  gyrations  under  the  circumstances 
until  there  is  some  gyratory  motion  produced.  But  the  amount  of  the  gyratory  velocity  is  not  now 
determined  by  the  principle  of  the  preservation  of  areas,  as  in  the  case  of  no  friction  between  the 
air  and  earth’s  surface,  but  upon  the  amount  of  this  friction  and  the  force  there  is  to  overcome  it. 
From  the  last  of  (1)  we  have  in  the  case  of  friction 

(9)  .  .  .  F,  +  D,  t?  =  —  2  (n  cos  +  w)  ti 

The  first  member  of  this  equation  expresses  the  friction  and  the  inertia  of  the  air  belonging  to 
the  gyratory  motion,  and  it  is  seen  that  the  force  arising  from  the  earth’s  rotation,  expressed  by  the 
second  member  of  this  equation,  and  which  overcomes  this  friction  and  inertia,  requires  that  u  shall 
have  a  vjdue-,  that  is,  that  there  shall  be  a  motion  of  the  air  either  toward  or  from  the  center, 
according  to  the  sign  of  the  first  member  under  the  circumstances.  But  this  value  of  considered 
with  regard  to  all  the  particles  of  air,  must  be  such  as  to  satisfy  the  equation  of  continuity,  as  well 
as  the  other  conditions  of  the  problem,  and  as  its  value  must  depend,  therefore,  upon  an  inter¬ 
changing  motion  of  the  air  between  the  central  and  exterior  parts  of  the  area  of  the  gyrations,  its 
value  must  vanish  both  at  the  center  and  the  exterior  limit,  and  consequently  must  become  small 
as  it  approximates  these  limits.  The  gyrations,  therefore,  must  vanish  at  both  these  limits  and 
become  small  near  these  limits,  especially  where  there  is  much  friction.  Hence,  instead  of  the 
almost  infinitely  great  gyratory  velocities  near  the  center,  as  in  the  case  of  no  friction,  we  have  in 
the  case  of  friction  between  the  air  and  the  earth’s  surface  only  gyrations  of  small  velocity,  since 
there  is  little  force  to  overcome  the  frictional  resistances  to  these  gyrations  on  account  of  the  small 
value  of  u  near  the  center.  In  large  cyclones  these  gyrations  near  the  center  become  insensible  to 
observation  over  a  considerable  area,  so  that  there  is  apparently  a  perfect  calm» 

The  gyrations  in  this  case  being  so  much  modified  by  the  effect  of  friction,  the  amount  of 
depression  of  the  infinitely  thin  strata  of  equal  density  and  pressure  and  diminution  of  barometric 
pressure  in  the  central  region  must  be  also  very  much  modified,  so  that  instead  of  a  very  great 
diminution  of  pressure  in  the  central  part,  and  even  a  vacuum  at  the  center,  we  have  now-  in  gen¬ 
eral  only  a  comparatively  small  decrease  of  barometric  pressure  there. 

6.  The  amount  of  gyratory  velocity,  in  any  given  case,  cannot  be  determined  from  the  condi¬ 
tions,  both  on  account  of  the  uncertainty  in  the  friction  constiint,  and  also  on  account  of  the  com¬ 
plexity  of  the  problem.  There  is  one  important  principle,  however,  from  which  we  may  make  some 
important  deductions  with  regard  to  these  gyrations,  which  is,  that  the  sum  of  the  moments  arising 
from  the  actions  of  the  gyratory  motions  of  the  air  through  friction  upon  the  earth’s  surface,  taken 
for  the  whole  area  of  the  gyrations,  must  equal  0,  else  these  actions  would  have  a  tendency  to  turn 
the  whole  earth  around  the  axis  of  which  the  center  of  the  cyclone  is  the  pole,  which  we  know  can 
only  arise  from  the  action  of  external  forces. 

Since  F„  is  the  force  required  to  overcome  the  friction  of  the  gyrations,  if  we  put  F/  for  the 
value  of  F*  at  the  earth’s  surface,  and  let  represent  the  surface,  we  shall  have  from  this  principle 

(10)  . /«r»-F/  =  0 

in  which  the  integration  must  extend  over  the  whole  area  of  the  gyrations.  The  values  of  t?',  taken  for 
all  values  of  r,  must  be  such  as  to  satisfy  the  principle  expressed  by  the  preceding  equation,  and 
for  any  particular  value  of  r,  such  as  to  satisfy  (9),  in  which  >  by  (2)  is  a  function  of  v.  From  jthe 
preceding  equation  it  follows,  first,  that  where  there  are  gj^rations  in  either  direction  in  the  interior 
there  must  at  the  same  time  be  counter-gyrations  on  the  exterior  part;  and,  secondly,  since  F/  is  a 
frinction  which  must  increase  with  the  gyratory  velocity,  this  velocity  in  the  interior  gyrations, 
where  r  is  smaller,  must  be  much  greater  than  in  the  exterior  counter-gyrations,  where  r  is  much 
greater,  unless  the  area  of  the  interior  gyrations,  which  is  not  in  any  case  probable,  is  much 
greater  than  that  of  the  exterior  gyrations.  We  should  therefore  conclude  a  priori^  as  being  at  least 
most  probable,  that  the  interior  gyrations  are  much  more  rapid  than  the  exterior  ones. 

7.  The  frictional  resistance  to  which  any  stratum  of  air  is  subject  does  not  in  general  depend 
upon  the  absolute  velocity  relative  to  the  earth,  but  upon  the  relative  velocities  between  it  and  the 
two  contiguous  strata  above  and  below,  and  upon  the  differences  of  density  and  pressure.  If  the 
actions  of  the  contiguous  strata  above  and  below  upon  the  intermediate  one  are  exactly  equal  and 
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in  opposite  directions,  the  stratum  is  not  affected  by  fiiction,  since  the  two  counter  actions  exactly 
neutralize  each  other.  If  the  strata  all  have  the  same  velocity  in  the  same  direction  there  is  no 
friction,  however  great  the  velocity,  except  between  the  lower  stratum  and  the  earth’s  surface,  and 
if  the  relative  velocities  between  any  stratum  and  the  two  contiguous  ones  are  the  same,  the  coun¬ 
ter-actions  of  the  two  contiguous  strata  exactly  neutralize  each  other,  except  so  far  as  those  actions 
differ  on  account  of  a  difference  of  density  and  pressure  on  the  upper  and  under  side  of  the  stratum 
acted  upon.  These  relative  velocities,  however,  may  be  such  that  the  intermediate  stratum  is  not 
affected  by  friction,  whatever  the  absolute  velocities  may  be. 

The  velocity  of  the  stratum  next  the  earth’s  surface  must  be  of  the  same  order  as  the  relative 
velocities  of  the  strata  immediately  above  it,  and  these  relative  velocities  must  decrease  with  the 
altitude  where  the  forces  acting  upon  the  different  strata  are  in  the  same  direction,  since  the  whole 
action  of  the  earth’s  surface  through  friction  upon  the  lower  stratum  is  distributed  through  the 
strata  above  by  means  of  friction  arising  from  the  differences  of  the  relative  velocities.  The 
velocities,  therefore,  must  in  general  increase  with  the  altitude  most  rapidly  near  the'  earth’s  sur¬ 
face,  while  the  relative  velocities  decrease  most  rapidly.  The  friction,  therefore,  to  which  any 
stratum  or  particle  of  air  is  subject  is  generally  greater  at  and  near  the  earth’s  surface,  where  the 
relative  velocities  decrease  most  rapidly  with  the  altitude,  and  where  the  pressiu'e  is  greatest, 
than  in  the  upper  regions,  where  the  relative  velocities  of  the  strata  are  generally  small  and  the 
pressure  less. 

8.  At  and  near  the  earth’s  surface,  where  the  relative  velocities  between  the  strata  are  greatest 
we  may  assume  that  the  force  required  to  overcome  the  friction,  although  it  depends  upon  the  differ¬ 
ences  in  the  relative  velocities,  and  not  upon  the  absolute  velocities,  is  sensibly  in  the  same  direc¬ 
tion  as  the  velocity  relative  to  the  earth’s  surface.  If  we,  therefore,  put 
8  =  the  resultant  of  the  component  velocities  u  and  r, 

F,  =  the  force  in  the  direction  of  s  necessary  to  overcome  the  friction, 

%  =  the  angle  between  u  and  r,  reckoned  from  v  toward  the  left,  called  the  inclination^ 
we  shall  have  u  =  8  sin  i,v  =  8  cos  t,  F„  =  —  F,  sin  i’,  F;,  =  F,  cos  i ;  and  supposing  t  to  be  constant 

we  shall  likewise  have 

sin  i,  and  =  D,«cosi. 

We  shall,  therefore,  have 

F„  +  D,  =  — (F,  +  D,  8)  sin  /, 

+  D,  r  =  (F,  +  D,  8)  cos  i. 

in  which  F.  is  always  positive,  that  is,  in  the  direction  of  s,  but  may  be  either  positive  or  nega¬ 
tive,  according  as  the  velocity  is  increasing  or  decreasing.  From  these  and  from  (9)  we  get,  by 
putting  for  u  its  equivalent  —  s  sin  i. 


(11) 


.  __  F,  -f  D,  u 
^  ^  2  (n  cos  ^  +  v)  w 


F.  +  D^ _ 

2  (n  cos  v'' 


It  must  be  remembered  that  this  expression  is  only  applicable  at  and  near  the  earth’s  surface, 
where  it  can  be  assumed  that  the  force  required  to  overcome  the  friction  is  in  the  direction  of  the 
velocity  8, 

It  is  not  claimed  that  the  preceding  assumptions  are  strictly  correct,  and  therefore  this  expres¬ 
sion  must  only  be  regarded  as  being  ai)proximate,  but  as  it  depends  mostly  upon  friction,  the  effect 
of  which  may  generally  be  regarded  as  being  a  quantity  of  the  second  order,  the  error  will  gener¬ 
ally  be  small,  and  at  least  the  principal  pait  of  the  effect  of  friction  will  be  taken  in. 

Since  >  is  a  function  of  i  (11)  cannot  be  regarded  as  an  expression  of  tan  i,  except  approximately 
where  v  is  small  in  comparison  with  n  cos  V'. 

If  in  the  preceding  equation  we  suppose  that  F,  is  a  function  which  increases  in  proportion  to 
the  velocity  we  can  put  F,  =  and  neglecting  which  is  usually  very  small  in  comparison,  we  get 

_ /_ 

2  (^71  cos  V'  + 


tan  i  = 


8  cos 


If  we  put /  =  .455,  on  the  latitude  of  45^  in  which  w  =  45^,  and  with  the  velocity  8  =  30*^®  per 
hour,  we  get,  with  r  =  1000^™,  i  =  480^  with  r  =  500^“,  i  =  45^;  with  r  =  200*'“*,  i  =  370;  and 
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with  r  =  100^,  i  =  270.  Hence  we  see  that,  upon  the  above  hypothesis,  the  inclination  diminishes 
considerably  with  the  decrease  of  distance.  If  we  put  8  =  60^'"  and  r  —  100^'”,  we  get  i  =  18°  instead 
270,  as  above,  with  s  =  30*'“'.  Hence  the  inclination  likewise  decreasas  with  increase  of  velocity, 
bat  this  does  not  amount  to  much  except  near  the  center.  Again,  if  we  put  r  =  500*'“  and  s  =  30*'™, 
the  value  of  /remaining  the  same  as  above,  we  get,  for  lat.  6O0,  i  =  39°;  for  lat.  30^,  i  =  55^ ;  and 
for  lat.  209,  i  =  62®.  Hence  we  see  that  the  inclination,  all  other  things  being  the  same,  increases 
with  the  decrease  of  latitude. 

9.  With  regard  to  the  term  D,  s  in  this  expression,  expressing  the  inertia  of  the  air,  it  has  been 
shown  in  Part  I,  §  42,  that  where  the  change  of  hourly  velocity  amounts  to  10  kilometers  (6.2  miles) 
per  hour,  at  the  earth’s  surface  the  force  required  to  overcome  the  inertia  corresponds  to  that  of  a 
barometric  gradient  of  0.035™™  in  the  distance  of  one  degree  of  the  meridian.  A  gradient,  therefore 
of  only  1™™  would  produce  an  accelei-atiou  of  about  300  kilometers  per  hour,  in  the  hourly  velocity, 
and  hence  it  is  seen  how  small  a  force  is  necessary  to  overcome  the  inertia  of  the  air  in  all  ordinary 
rates  of  acceleration,  and  how  little  the  barometric  gradients  are  affected  by  the  term  D,«,  or  its 
components  D*  u  and  D,  v. 

In  the  case  of  no  friction  we  get  from  (5)  by  differentiation,  since  r  v  =  i?, 

D^  V  =  —  (2  n  cos  f/'  +  ^ 

The  second  member  of  this  equation  expresses  the  rate  with  which  the  gyratory  velocity  v 
changes  with  a  change  of  r.  Where  the  unit  of  velocity  is  one  hour  we  have,  for  the  parallel  of 
450,  2  n  cos  V'  =  .3714.  With  a  gj^atory  velocity  v  of  50*'™  per  hour  at  the  distance  from  the  center 

V  ' 

of  500*'™,  we  get  -  =  0.1,  and  hence  D^t?  =  —  0.4714,  or  Sv  =  —  0.4714  fh\  Hence  the  increase  in 

the  hourly  gyratory  velocity  is  0.2857  times  the  amount  of  approximation  of  a  particle  of  air  toward 
the  center.  If  we  assume  r  =  100*'™  and  v  =  50*'™  we  get  D^  r  =  —  0.8714,  or  dt?  =  —  0.8714  dr 
and  hence  nearer  the  center  we  have  a  still  greater  rate  of  change  in  the  gyratory  velocity  corre¬ 
sponding  to  a  given  change  of  r.  In  the  first  case  we  should  have  for  each  kilometer  of  approxima¬ 
tion  toward  the  center,  an  increase  of  0.4714*'™,  and  in  the  last,  of  0.8714*'™  in  the  hourly  gyratory 
velocities.  These  rates  of  change  in  the  gyratory  velocities  are  much  greater  than  those  which 
usually  occur  in  any  case  of  nature,  in  which  the  gyrations  are  retarded  by  friction^  Hence 
the  forces  which,  in  the  case  of  no  friction,  would  produce  so  great  an  acceleration  of  the  gyratory 
velocities,  in  the  case  of  friction  are  mostly  spent  in  overcoming  the  friction.  In  such  cases,  there¬ 
fore,  the  term  must  be  much  greater  than  the  term  D,  t?,  and  consequently  F.  must  be  much 
greater  than  D,  s, 

10.  Having  shown  that  the  absolute  value  of  D,«  is  usually  very  small,  and  also  that  it  is  gen¬ 
erally  very  small  in  comparison  with  F,  at  the  earth’s  surface,  we  can  now  make  from  (11)  the  fol¬ 
lowing  important  deductions: 

(a)  At  and  near  the  earth’s  surface,  where  D^  8  is  small  in  comparison  with  F,  and  especially 
where  it  is  positive,  as  in  increasing  velocities,  we  have  in  the  northern  hemisphere,  where  cos  V'  is 
positive,  tan  i  also  positive,  and  hence  the  velocity  s  is  either  in  the  direction  of  the  first  or  third 
quadrant,  according  as  the  sign  of  u  is  negative  or  positive,  that  is,  according  as  the  air  in  its  gyra¬ 
tions  around  the  center,  is  approaching  to  or  receding  from  the  center.  Hence  in  ordinary  cyclones 
there  is  an  inclining  of  the  direction  at  the  earth’s  surface  from  the  tangent  toward  the  center  on 
the  left,  and  the  amount  of  inclination  is  nearly  in  proportion  to  the  amount  of  friction.  In  the 
southern  hemisphere  the  inclination  is  to  the  right  of  the  direction  of  the  tangent. 

{b)  Since,  according  to  §  7,  F„is  greatest  at  the  surface  of  the  earth  for  the  same  value  of  «,  and 
diminishes  with  the  altitude  near  the  surlace,  so  the  value  of  i  is  greatest  at  the  surface  and  dimin¬ 
ishes  with  the  altitude,  and  therefore  the  gjTations  are  more  nearly  circular  at  some  distance  from 
the  earth’s  surface  than  near  the  surface. 

(c)  Toward  the  center  of  a  cyclone  where  the  gyratory  angular  velocity  is  great  on  account  of 
the  smallness  of  r,  and  where  consequently  the  value  of  v  in  the  denominator  in  the  expression  of 
tan  i  is  great,  the  value  of  t,  everything  else  remaining  the  same,  is  in  general  smaller  than  at  greater 
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distances  from  the  center,  where  r  is  larger,  and  consequently  v  smaller.  The  gyrations,  therefore, 
near  the  center  are  more  nearly  circular  than  at  a  great  distance  from  the  center.  The  greater  the 
velocity  also,  everything  else  remaining  the  same,  the  smaller  the  inclination. 

{d)  Since  7i  cos  </'  becomes  small  near,  and  vanishes  at,  the  equator,  so  the  value  of  i,  all  other 
circumstances  remaining  the  same,  increases  with  the  decrease  of  latitude,  and  at  the  equator 
where  cos  V'  =  0,  and  where  also  v  vanishes,  it  becomes  either  90®  or  270^,  and  the  motion  of  the 
air  is  either  exactly  toward  or  from  the  center,  and  there  are  no  gyrations. 

(e)  In  the  upper  regions  of  the  atmosphere  where  there  is  not  much  friction,  the  inclination  or 
deviation  from  the  tangent  is  small  wherever  the  gyratory  velocity  is  considerable,  and  as  the 
motion  of  the  air  in  ordinary  cyclones  is  tmcard  the  center  below  it  must  be  from  it  above.  Hence 
the  gyrations  at  high  altitudes  must  be  nearly  circular  but  incline  a  little  from  the  tangent.  This 
must  be  especially  the  case  at  medium  altitudes,  and  at  all  altitudes  near  the  center,  since  the  radial 
motion  either  toward  or  from  the  center  is  small. 

(/)  In  a  cyclone  increasing  in  violence  the  term  «,  (II)  taken  for  any  given  place,  and  so  re¬ 
garded  as  a  function  of  the  time  simply,  is  positive,  but  in  a  cyclone  decreasing  in  violence,  it  is 
negative;  hence  the  effect  of  this  term  in  the  former  case  is  to  increase  i,  and  in  the  latter  to  de¬ 
crease  it,  but  on  account  of  the  smallness  of  this  term,  as  shown  in  the  preceding  section,  its  effect 
must  generally  be  small. 

11.  From  (11)  we  get 

F*  +  D,  w  =  2  (n  cos  +  v)  u  tan  i. 

With  this  expression  of  F^  +  w  substituted  in  the  first  of  (1)  we  get,  by  putting  for  u 
and  V  their  equivalents  —  8  sin  i  and  «cos  t, 

(12)  log  P'  —  gh  a  z=  log  P  =  a«  cos  i  (2  n  cos  i/'  +  v)  (1  +  e  tan*  i) 

in  which 

e  —  2  (n  cos  +  v)  _  ^ 

2  71  cos  ip  +  V  2  n  cos  V'  +  T  ’ 


Where  the  gyratory  angular  velocity  v  is  so  small  that  it  may  be  neglected  in  comparison  with 
2  n  cos  as  in  large  cyclones  and  at  a  great  distance  from  the  center,  we  have  e  =  1,  but  where 
the  angular  gyratory  velocity  is  so  great,  as  in  small  cyclones  very  near  the  center,  that  2  n  cos  tp 
may  be  neglected  in  comparison  with  v,  we  have  6  =  2.  Hence  the  value  of  e  must  in  all  cases  fall 
between  these  extremes. 

At  the  distance  of  1000  kilometers  from  the  center  with  a  gyratory  velocity  of  50  kilometers 
per  hour,  we  should  have,  on  the  parallel  of  45°,  2  n  cos  fp  =  0.371  and  v  =  .050.  With  these  values 
we  should  have  e  =  1.119,  for  which  unity  could  be  used  in  the  small  term  in  which  e  occurs,  with¬ 
out  sensible  error.  At  the  distance  of  100  kilometers,  however,  with  the  same  gyratory  velocity, 
we  get  6  =  1.574,  and  for  greater  gyratory  velocities  and  smaller  distances  from  the  center,  the  value 
of  6  approximates  still  nearer  to  the  maximum  limit  2.  But  we  have  seen  §  8,  (c)  that  where  the 
conditions  are  such  as  to  make  the  value  of  e  differ  much  fi’om  unity,  the  value  of  tan*  t  becomes 
very  small  on  account  of  the  diminished  value  of  t,  and  hence  we  may  in  all  cases  put  6  =1  without 


material  error. 

12.  Putting  6  =  1,  (12)  becomes 

(13)  .  log  P  =  a— 


n  cos  ip  +  V 
cos  i 


2 

8  =  a 


n  cos  if'  +  V 
COS*  i 


V 


in  which  v  is  the  gyratory  component  of  8. 

We  have  seen  (§  6)  that  if  v  is  positive  in  the  interior  gyrations  it  is  negative  in  the  exterior 
ones,  and  vice  ver8a.  But  r,  and  consequently  v,  have  the  same  sign  as  cos  ip  in  the  interior  gyra¬ 
tions,  positive  in  the  northern  and  negative  in  the  southern  hemisphere.  Hence  from  (13)  log  P 
is  always  positive  in  the  interior  and  negative  in  the  exterior  g^Tations  in  both  hemispheres,  and 
the  barometric  pressure,  P,  is  a  minimum  at  the  center,  and  a  maximum  at  the  distance  from  the 
center  at  which  v  changes  sign  and  becomes  reversed. 

At  the  earth’s  surface,  according  to  §  10  (a),  tan  i  is  positive  in  the  northern  hemisphere 
and  negative  in  the  southern,  and  hence  in  all  cases  it  has  the  same  sign  in  the  interior  and  exte- 
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rior  gyratioDS,  either  both  positive  or  negative.  But  from  the  definitions  of  u,  v  and  i,  we  have 
tan  t  =  —  — .  Hence  where  v  changes  and  the  gyrations  are  reversed,  the  sign  of  u  must  also 

V 

change.  If,  therefore,  v  is  positive,  as  in  the  northern  hemiai>here,  the  sign  of  u  must  be  negative, 
that  is,  the  radial  component  of  motion  must  be  toward  the  center,  but  in  the  exterior  gyrations 
where  v  becomes  negative  the  sign  of  u  must  be  positive,  that  is,  the  radial  component  of  motion 
must  be  from  the  center. 

We  see,  therefore,  that  in  the  northern  hemisphere  the  interior  gyrations  at  the  earth^s  surface 
are  positive,  that  is,  from  right  to  left,  and  the  air  at  the  same  time  approaches  the  center,  so  that 
the  gyrations  are  in  a  spiral  around  and  toward  the  center,  but  the  exterior  gyrations  are  in  the 
contrary  direction  and  the  air  flows  from  the  center,  so  that  the  gyrations  are  around *and  from  the 
center.  Since  the  maximum  pressure  is  where  the  gyrations  are  reversed,  the  air  flows  out  from 
beneath  the  area  of  high  pressure,  on  the  one  hand  toward  the  center,  and  on  the  other  hand 
from  it,  and  at  the  same  time  gyrates  around  the  center.  The  directions  of  motion  of  the  air  at 
the  earth^s  surface,  as  indicated  by  the  solid  arrows,  and  the  circular  isobars  are  represented  in  Fig. 
1.  In  the  southern  hemisphere,  the  g;yTations  are  all  reversed. 

For  reasons  already  given  in  §  6,  the  interior  gyrations  are  generally  by  far  the  most  rapid,  and 
from  a  mere  inspection  of  (13)  it  is  readily  seen  that  these  produce  by  far  the  greatest  effect  upon 
log  P,  or,  in  other  words,  upon  the  barometric  gradient,  since  v  there  becomes  much  greater  for 
the  same  value  of  v.  These  interior  gyrations,  therefore,  and  their  effects  upon  baiometric  pressure, 
are  often  alone  observed,  while  the  comparatively  moderate  gyrations  of  the  exterior  part  and  their 
small  effect  upon  the  barometric  pressure  often  pass  unnoticed,  especially  on  land  where  there  are  a 
great  many  disturbing  causes  to  interfere  with  the  development  of  a  regular  and  complete  cyclone. 
The  former  gyrations  form  the  cyclone  proper,  and  the  latter  the  anti  cyclone.  Hence,  every  cyclone 
i$  accompanied  by  a  corresponding  anti  cyclone^  Und  the  former  cannot  exist  without  the  la  tter. 

13.  The  preceding  results  with  regard  to  cyclones,  deduced  from  the  mathematical  expressions, 
may  be  made  more  intelligible  to  many  by  means  of  a  more  popular  demonstration  or  explanation 
of  them,  based  upon  certain  well-known  principles.  The  instantaneous  motion  due  to  the  earth^s 
rotation  on  its  axis,  of  any  part  of  its  surface  except  the  equator,  and  so  small  that  it  may  be 
regarded  as  a  plane  surface,  may  be  resolved  into  two  parts,  one  of  translation,  and  one  of  gyra¬ 
tion  around  the  the  center  of  the  area  under  consideration.  At  the  poles  of  the  earth  it  is  readily 
seen  that  this  gyratory  motion  is  the  same  as  that  of  the  earth’s  rotation  on  its  axis,  and  that  at 
the  equator  it  must  vanish.  For  any  intermediate  latitude  it  is  expressed  by  n  cos  or  n  multi¬ 
plied  into  the  sine  of  the  latitude.  If  now,  for  any  reason  whatever,  there  is  kept  up  a  continued 
interchange  of  the  air  between  the  central  and  exterior  part  of  this  area  continually  gyrating 
around  its  center  in  consequence  of  the  earth’s  rotation,  it  will  be  understood  by  most  persons  that, 
by  the  principle  of  the  preservation  of  areas,  the  air  of  the  interior  part  of  this  area  will  receive 
a  gyratory  motion  around  the  center,  relative  to  the  earth’s  surface,  in  the  same  direction  in  which 
the  area  comprising  the  atmosphere  under  consideration  is  turning  by  virtue  of  the  earth’s  rotation, 
that  is,  from  right  to  left  in  the  northern  hemisphere,  and  the  contrary  in  the  southern,  and  that 
the  gyrations  of  the  exterior  part  of  this  area  must  be  contrary  to  those  of  the  interior  part.  These 
gyrations,  especially  near  the  center  and  the  exterior  limit,  would  be  very  rapid  if  it  were  not  for 
the  friction  between  the  air  and  the  earth’s  surface.  This  frictional  resistance  prevents  in  a^reat 
measure  the  rapidity  which  the  gyrations  would  otherwise  have,  but  there  must  necessarily  be  some 
gyratory  motion,  as  in  the  case  of  no  friction,  since  without  some  such  motion  frictional  resistance 
would  not  be  brought  into  action. 

If  we  now  bear  in  mind  the  well  established  principle  that  wherever  any  body  or  particle  of 
air  moves  in  any  direction  over  the  earth’s  surface,  there  is  a  force  arising  from  the  earth’s  rotation 
on  its  axis  which  tends  to  deflect  it  to  the  right  in  the  northern  hemisphere,  and  the  contrary  in 
the  southern,  it  is  seen  that,  in  either  hemisphere,  there  is  a  force  arising  from  these  interior  gyra¬ 
tions  and  the  earth’s  rotation  which  tends  to  drive  the  air  from  the  center  and  cause  a  minimum 
pressure  there.  The  exterior  gyrations  being  in  the  contrary  direction,  of  course  this  force  is,  in 
this  case,  in  the  contrary  direction,  that  is,  toward  the  center.  These  two  forces,  then,  depending 
upon  the  interior  and  exterior  gyrations,  both  press  the  air  toward  the  place  where  the  gsratory 
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velocity  vanishes  and  changes  sign,  and  cause  a  maximum  barometric  pressure  there.  Of  course 
only  the  gyratory  component  of  motion  is  here  considered.  When  there  is  also  a  radial  compo¬ 
nent,  the  deflecting  force  arising  from  the  earth’s  rotation  is  required  to  overcome  the  frictional 
resistance  to  the  gyrations,  and  so.  when  there  is  no  friction,  no  radial  component  is  necessary  and 
the  gyrations  may  be  entirely  circular. 

In  addition  to  this  force  depending  upon  the  earth’s  rotation  there  is,  likewise,  the  centrifugal 
force  due  to  the  gyrations.  This  force  is  of  course  from  the  center  in  both  the  cyclone  and  anti¬ 
cyclone,  and  hence  in  the  former  it  is  combined  with  that  depending  upon  the  earth’s  rotation,  but 
in  the  latter  in  the  contrary  direction,  and  in  some  measure  counteracts  the  force  arising  from  the 
earth’s  rotation.  The  centrifugal  force,  however,  in  the  anti  cyclone  is  very  small,  both  on  account 
of  the  small  velocity  of  gyration  and  the  distance  from  the  center,  but  in  the  cyclone,  very  near 
the  center,  it  may  be  much  the  greater  of  the  two  forces. 

Since  the  amount  of  gyratory  motion  arising  from  the  interchanging  motions  of  the  air  between 
the  interior  and  exterior  parts  depends  upon  friction,  and  the  less  the  amount  of  friction  the  more 
nearly  these  gyrations  approximate  to  what  they  would  be  in  the  case  of  no  friction,  these  gyrations, 
especially  the  initial  ones,  must  be  much  more  rapid  in  the  upper  regions  of  the  atmosphere,  where 
there  is  comparatively  little  friction,  than  near  the  earth’s  surthce  where  the  friction  is  very  much 
greater.  Hence  the  accumulation  of  air  with  its  maximum  at  the  dividing  line  between  the  cyclone 
and  anti-cyclone,  as  already  explained,  is  due  at  the  start  mostly  to  the  gyrations  in  the  upper  part 
of  the  atmosphere,  and  the  pressure  from  this  accumulation  tends  to  force  the  air  out  from  beneath 
on  the  one  side  toward  the  center  of  the  cyclone  and  on  the  other  toward  the  outer  limit  of  the 
anti  cyclone.  The  deflective  force,  now,  arising  from  these  radial  motions,  as  explained  above,  aids 
in  overcoming  the  greater  friction  of  the  gyrations  near  the  earth’s  surface,  but  these  latter  gyra¬ 
tions  must  not  be  so  great  that  the  force  pressing  from  both  sides  toward  the  place  of  maximum 
pressure  would  prevent  the  outflow  on  both  sides  below,  else  the  deflecting  force  then  which  over¬ 
comes  the  resistances  to  the  gyrations  would  be  cut  off. 

According  to  the  preceding  reasoning  and  explanations,  therefore,  wherever  there  are  disturbing 
causes  to  produce  an  interchanging  motion  between  the  interior  and  the  exterior  parts  of  the  dis¬ 
turbed  atmosphere,  from  the  principle  of  the  preservation  of  areas,  and  the  forces  depending  upon 
the  earth’s  rotation,  there  are  necessaiily  interior  gyrations  of  the  air  in  one  direction  and  counter¬ 
gyrations  in  the  exterior  part  and  a  region  of  high  barometric  pressiue  with  its  maximum  at  the 
dividing  line  between  the  two  kinds  of  gyrations,  and  a  Ij^w  of  air  at  the  surface  from  the  region 
of  high  pressure,  on  the  one  side  toward  the  center,  and  the  other  toward  the  outer  limit  of  the 
anti-cyclone,  which,  combining  with  the  gyratory  motions,  gives  rise  to  a  spiral  motion  in  the 
interior  around  and  toward  the  center,  and  in  the  exterior  part  around  the  contrary  way  and  from 
the  center,  just  as  has  been  deduced  from  the  preceding  mathematical  expressions. 

14.  From  (13)  and  (3)  we  get,  by  putting  P'  =  0.76'", 


(14) 


D.P  = 


2  n  cos  ^  +  V  8  P 

cos T(T.00154  +  .004^  )  ’  103070  ‘  P' 

in  which  8  is  the  velocity  in  meters  per  second.  At  the  earth’s  surface,  or  rather  at  the  altitude  at 
which  the  barometric  pressure  is  0.76'",  the  last  factor  in  the  expression  becomes  unity.  If  we  now 
put 


(15) 


D,  P  =  = 

dr 


G 

111111 I 11 


G  will  express  the  barometric  gradient  in  millimeters  per  degree  of  a  great  circle,  or  60  geographic 
miles.  With  this  value  of  P  (14)  gives  sensibly, 

^  _  1076.4  (  2  n  cos  +  v  )  «  P 
'  '  ’  '  ””  cos  i  ( 1  -t-  .004 1 )  P' 

in  which  by  (3),  putting  for  v  its  equivalent  8  cos  i. 


(17) 


_  8  COS  i 
■“  r 


Equation  (16)  shows  the  relation  between  the  barometric  gradient  G  and  the  velocity  s  of  the 
wind,  and  is  substantially  the  same  as  that  which  I  had  published  in  Silliman’s  Journal  for  1874, 
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except  that  the  temperature  correction,  here  given  in  the  expression  of  G,  was  there  simply  referred 
to  in  the  text,  but  the  gradients  and  units  of  measure  here  used  are  different. 

Two  years  before  this,  Mr.  Peslin,  mining  engineer  at  Tarbes,  France,  had  obtained  relations 
substantially  the  same  as  the  preceding,  except  the  effect  of  friction  contained  in  the  term  cos  i, 
which  in  the  caseof  no  friction  becomes  unity.*  According  to  the  theory  this  effect  becomes  especially 
large  towards  the  equator,  and  it  will  be  shown  from  observation  that  in  all  latitudes  the  effect  is 
very  considerable,  and  that  where  the  angle  i  is  not  observed,  the  theoretical  relation  above  is 
not  confirmed  by  observation,  except  upon  the  hypothesis  of  a  large  value  of  i,  and  consequently 
of  a  large  effect  due  to  friction. 

The  fundamental  equations  from  which  the  relation  of  (16)  has  been  obtained,  except  so  far  as 
friction  is  concenied,  were  first  given  by  the  author  in  a  paper  in  Runkle’s  Mathematical  Monthly 
in  1859,  equations  (38).  At  that  time  the  term  ‘‘  gradient”  was  not  in  use.  By  ex])ressing  the  altitude 
hin  these  equations  in  terms  of  the  barometric  pressure  P  of  the  preceding  equations,  and  applying 
the  friction  terms,  as  above,  and  introducing  the  barometric  gradient  instead  of  the  differential 
coefficient,  the  relations  above  are  readily  obtained. 

The  value  of  cos  i  in  (16)  depends  upon  the  amount  of  friction,  and  hence  must  be  obtained 
from  observation,  and  when  friction  vanishes  we  have  cos  i  =  1.  Since  (11)  is  strictly  applicable 
only  near  the  ejirth’s  surface,  and  this  equation  has  been  used  in  obtaining  (13),  the  expression  of 
G  is  strictly  applicable  only  at  and  near  the  earth’s  surface;  but  the  error  at  a  distance  above  the 
surface  is  only  in  the  effect  of  friction,  and  since  friction  is  small  there,  and  the  gyrations  more  nearly 
circular  than  at  the  earth’s  surface,  for  considerable  altitudes  we  can  put  cos  i  =  1,  and  with  this 
value  of  cos  i  this  expression  of  G  is  applicable  to  these  altitudes  without  material  error. 

The  coefficient  of  t  in  the  expression  G  is  such  as  to  include  in  the  temperature  correction  that 
also  for  the  average  amount  of  aqueous  vapor,  taken  over  the  earth  generally,  and  the  balance  may 
be  neglected.  The  value  of  2  n,  where  one  second  is  the  unit  of  time,  is  equal  to  .00014585,  and 
the  value  of  v  is  given  by  (17). 

From  (16)  and  (17)  we  get 

(18)  .  .  .  .  «*  +  ««  =  &  G 

in  which 


(19) 


.00014585  r  cos 
cos  i 

r{l  +  .004  t)  P 
1076.4  P' 


From  (18)  we  have 

(20) 


«  =  -  J  «  i  la^  +  bG 


The  expression  of  (16)  is  convenient  for  computing  the  gradient  corresponding  to  a  given 
velocity  «,  given  in  meters  per  second,  but  the  latter  can  be  most  conveniently  used  in  computing 
the  velocity  «,  coiTesponding  to  a  given  gradient  G. 

Where  the  unit  of  distance  is  one  kilometer  and  the  unit  of  time  one  hour,  we  have 

0.52505  r  cos  w 
cos  i 

r  (1  +  .004  t)  P 
.083055  P' 

When  the  unit  of  distance  is  one  mile  and  that  of  time  one  hour,  and  the  gradient  is  expresed 
in  inches  i>er  60  geographic  miles,  we  have 

0.52505  r  cos 
cos  i 

r  (1  +  .(K)4  t)  P 
.005262  P' 

In  all  the  preceding  expressions,  as  in  the  whole  theory  of  cyclones,  the  effect  of  friction  comes 

*  BnUetin  International  de  I’Obe.  de  Paris  et  de  I’Obs.  Phys.  Cent,  de  Montsouris,  1872.  Translation  by  Prof.  ClevO' 
land  Abba,  Smithsonian  Report  for  1877. 
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in  ill  the  value  of  which  depends  mostly  upon  friction,  and  i  is  therefore  an  unknown  quantity 
which  must  be  determined  either  directly  in  each  case  from  observation,  or  if  we  assume  some 
function  to  represent  the  law  of  friction,  as  in  §  8,  then  the  unknown  constants  in  this  expression 
depending  upon  friction  must  be  determined  from  observation. 

15.  The  preceding  results  so  far  are  all  independent  of  duy  particular  form  of  the  expression  of 
regarded  as  a  function  of  r,  since  the  term  gh  1)^  a  in  the  first  of  the  fundamental  equations  (1), 
which  alone  contains  f,  does  not  enter  into  any  of  the  jireceding  expressions.  It  has  merely  been 
assumed  that  there  is  a  disturbing  force  of  some  form  to  keep  up  an  interchanging  motion  between 
the  interior  and  exterior  portions  of  the  air  over  a  given  area.  It  is  readily  seen  from  an  inspection 
of  equations  (1 )  that  if  1)^  a  =  0,  that  is,  if  t  in  the  expression  of  a  (2)  is  independent  of  r,  the  equa¬ 
tions  in  the  case  of  friction  are  satisfied  with  m  =  0  and  r  =  0,  that  is,  with  a  state  of  rest ;  for  if  there 
were  initial  motions  they  would  soon  be  destroyed  by  friction.  The  interchanging  motions,  there¬ 
fore,  necessary  to  keep  iqi  the  gyrations  of  the  cyclone  depend  upon  a  variation  of  t  at  diflerent 
distances  from  the  center.  It  becomes  now  important  to  ascertain  the  effects  produced  by  different 
functions  of  t  entering  into  a  in  the  term  of  gh  D,.  a.  This  can  be  done  only  approximately  on  account 
of  the  uncertainty  of  the  friction  terms.  It  has  been  shown  that  both  the  friction  terms,  and 
those  expressing  the  inertia  of  the  air,  are  generally  small  in  comparison  with  those  depending  upon 
the  earth’s  rotation  and  with  the  centrifugal  force  arising  from  the  gyrations  where  r  is  small,  so 
that  these  terms  may  be  neglected  without  much  error,  in  obtaining  approximate  results. 

If  in  the  first  of  (1),  therefore,  we  neglect  F„  and  1),  w,  putting  as  heretofore  and  r'  for  the 
values  of  >  and  r  at  the  earth’s  surfiice,  we  get 


(2  n  cos  *!>  -f  '/)  v'  —  (2  n  cos  »/■  -f  >)  r  =  gh  log  a. 

Except  near  the  center  where  >  may  be  great  in  comparison  with  2  n  cos  vS  we  can  put  v  =  v' 
especially  when  h  is  not  large,  and  we  then  get  approximately 


(c'  -  r  =) 

'■  '  -2  n  cos  V''  + 


Equation  (5)  deduced  from  the  hy])Othesis  simply  of  an  interchanging  motion  between  the 
exterior  and  interior  pai  ts,  gives  the  same  gyratory  velocity  at  all  altitudes  for  the  same  distance 
from  the  center,  but  now  upon  taking  into  account  another  condition  of  the  problem,  namely,  the 
difference  of  density  or  temi)erature  between  the  exterior  and  interior  i)art,  which  gives  a  value  to 
a,  it  is  seen  that  these  velocities  must  vai'y  some  at  different  altitudes,  depending  upon  the 
amount  of  difierence  temperature. 

16.  Let  us  suppose  that  t  in  (3)  is  such  a  function  of  r  that  we  shall  have 
(24)  .  .  .  ,  f  =  L  +  0  -|-  C  cos  <f. 

in  which 


r 

It 

R  being  the  value  of  r  at  the  outer  limits  of  the  supposed  circular  part  of  the  atmosphere  affected 
by  a  dift'erence  of  temperature,  and  hence  the  value  of  <f  ranges  from  0  to  18(P.  This  expression 
makes  the  temperature  a  maximum  or  a  miniinuin  at  the  center,  according  as  the  constant  C  is  plus 
or  minus,  being  the  undisturbed  temperature  at  and  beyond  the  limit  of  the  supposed  circular 
portion  of  the  atmosphere. 

From  (24)  we  get 

(25)  .  .  .  D,/ =  sill ^ 

which  is  the  expression  of  the  temperature  gradient,  and  is  as  the  constant  C  and  inversely  as  the 
radius  R.  It  has  its  maximum  where  r  is  equal  to  4  R,  and  vanishes  at  the  center  and  the  outer 
limit. 

If  is  temperature  at  the  center  we  have 


(-^6) . C  =  -  L). 

If  and  increase  or  decrease  with  the  altitude  A,  in  the  same  ratio,  then  C  is  a  constant  for 
all  altitudes,  and  depends  upon  the  surface  temperature. 

In  the  original  equations,  for  the  sake  of  simplicity,  the  temperatures  were  supposed  to  be  the 
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same  at  all  altitudes,  in  which  case  C  is  independent  of  h.  But  if  and  ^  vary  with  the  altitude 
at  the  same  rate,  C  is  still  independent  of  /i,  and  in  this  case  the  expression  of  (23)  can  be  used  by 
using  a  at  half  the  altitude  of  h. 

From  (3)  and  (25),  where  C  is  constant  for  all  altitudes,  we  get 

(27)  .  .  . 


With  this  expression  (23)  gives,  putting  //  =  9.805‘", 


(28) 


(^?'  —  v) 


0.1226'*'  h  C 

1  +  .004  R  2n  cos\''  +  > 


in  which  ^  may  be  taken  at  the  earth’s  surface,  but  more  accurately  at  half  the  altitude  h, 

17.  From  the  first  of  (1)  we  get  for  the  initial  state,  before  gyrations  are  caused  by  the  inter¬ 
changing  motions  between  the  interior  and  exterior  parts,  and  when  we  have  yet  v  =  o. 

(29)  .  .  .  «  (F„  +  I>.  u)  =  gh  a -D,  log  P' 

In  the  case  in  which  C  is  positive,  and  the  temperature  gradient  by  (25)  is  negative,  that  is,  in 
which  the  temperature  decreases  from  the  center  out,  gh  a  by  (27)  is  iiositive,  and  D^  log  P', 
which  is  not  a  function  of  the  altitude,  must  have  such  a  value  that  gh  a  —  log  P'  0,  at 
some  intermediate  altitude,  or  value  of  A,  below  which  the  last  member  of  (29)  is  negative  and 
tends  to  produce  motion  toward  the  center,  and  above,  negative  and  tends  to  produce  motion  from 
the  center.  This  value  of  h  and  the  whole  distribution  of  the  motions  must  be  such  as  to  satisfy 
the  condition  of  continuity.  In  order  to  do  this  there  must  be  an  ascending  motion  in  the  interior 
part,  and  a  descending  one  in  the  exterior  part,  both  generally  very  small  in  comparison  with  the 
horizontal  motions  toward  and  from  the  center.  When  C  is  negative,  and  consequently  the  tem¬ 
perature  is  a  minimum  in  the  center  and  increases  from  the  center  out,  of  course  these  initial 
interchanging  motions  are  reversed,  being  ft’om  the  center  below,  and  toward  it  above,  with  acorn, 
paratively  small  descending  motion  in  the  central  part  and  ascending  motion  in  the  exterior  part. 
When  the  temperature  gradient,  or  value  of  C,  is  not  the  same  at  all  altitudes,  these  interchanging 
motions  are  more  complex. 

We  have  seen  that  gyratory  motions  are  produced  from  any  kind  of  interchanging  motions, 
giving  rise  to  a  cyclone  and  its  corresponding  anti  cyclone.  After  these  have  once  set  in  from 
either  of  these  interchanging  motions  toward  the  center  below,  and  from  it  above,  or  the  reverse, 
and  an  accumulation  of  air  has  been  caused  thereby,  with  its  maximum  where  the  gyrations  are 
reversed,  the  current  flowing  out  from  beneath  this  accumulation  on  both  sides,  as  htis  been 
explained,  combines  with  the  general  current  in  the  lower  part  of  the  air,  toward  the  center  in  the 
case  of  a  cyclone  with  a  warm  center,  and  increases  it  in  the  cyclone,  but  counteracts  and  com¬ 
pletely  reverses  it  near  the  earth’s  surface  in  the  anti  cyclone,  so  that  the  air  there,  regarding  only 
its  interchanging  motions,  flows  from  the  center,  although  at  a  little  elevation  above  the  surface  of 
the  earth  it  flows  toward  the  center.  In  the  case  of  a  cyclone  with  a  cold  center  the  reverse  takes 
place,  the  general  interchanging  current  of  the  lower  part  of  the  air  being  generally  diminished  or 
even  reversed  near  the  earth’s  suiiace  in  the  cyclone  but  increased  in  the  anti  cyclone. 

Equation  (28)  has  been  obtained  upon  the  hypothesis  that  F„  and  D<  u  in  the  first  of  (1)  may 
be  neglected  in  comparison  with  the  tenns  arising  from  the  effect  of  the  earth’s  rotation  and  the 
centrifugal  force  of  the  gyrations.  It  has  been  shown  that  the  absolute  value  of  D,  u  is  very  small, 
§9,  and  in  the  general  circulation  in  vertical  section  toward  and  from  the  center,  it  has  in  gen¬ 
eral  the  same  sign  above  as  below,  so  that  it  would  have  little  ettect  upon  the  value  of  (r'-r),  even 
if  the  term  were  large.  The  term  F„  vanishes  in  the  case  of  no  friction,  so  that  the  less  the  friction 
the  smaller  is  this  term.  The  approximate  expression,  therefore,  of  v'-v  in  (28)  must  be  very  nearly 
correct  for  the  upper  regions  of  the  atmosphere,  and  even  very  near  the  earth’s  surface,  where  the 
Motion  is  much  greater,  the  effect  of  the  neglected  terms  is  generally  small. 

18.  According  to  (28),  (i?'-r)  is  positive  where  C  is  positive,  and  is  in  proportion  to  the  altitude  h. 
Hence  in  a  cyclonic  system,  with  a  warm  center,  the  gyratory  velocity  v  decreases  algebraically 
with  the  altitude,  or,  in  other  words,  decreases  in  the  cyclone  and  increases  in  the  anti  cyclone;  but 
in  the  case  of  a  cold  center  the  reverse  takes  place,  and  the  gyratory  velocity  of  the  cyclone 
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increa^eiS  aud  that  of  the  anti  cyclone  decreases  with  the  altitinle  h.  In  the  system,  therefore,  with 
a  warm  center,  the  distance  from  the  center  at  which  the  gyrations  are  reversed  from  the  cyclonic 
to  the  anti-cyclonic  decreases  with  the  increase  of  altitude,  and  the  more  so  the  greater  the  value 
of  0,  so  that  at  a  considerable  altitude,  and  with  a  large  temperature  gradient,  or  valve  of  C,  the 
gyratory  velocity  v  may  become  negative  at  all  distances  from  the  center,  however  small,  although 
it  may  have  a  large  positive  value  at  the  earth’s  surface,  and  thus  above  that  altitude  the  gyrations 
at  all  distances  from  the  center  are  anti-cyclonic.  But  in  the  case  of  a  cold  center  the  distance 
from  the  center  at  which  the  gyrations  change  from  the  cyclonic  to  the  anti-cyclonic  increases  with 
the  altitude,  so  that  at  a  certain  altitude  less  or  greater,  according  to  the  negative  value  of  C  in 
this  case,  the  gyrations  may  all  become  cyclonic,  however  great  the  negative  value  of  t?',  the  value 
of  V  at  the  earth’s  surface  may  be  in  the  anti  cyclone. 

In  the  case  of  an  ordinary  cy(;lonic  system  the  directions  of  the  currents  in  the  upper  regions 
are  represented  by  the  dotted  arrows  in  Fig.  I,  in  which  the  anti-cyclonic  gyrations  above  are  sup¬ 
posed  to  overlap  a  considerable  part  of  the  cyclonic  gyrations  at  the  surface. 

19.  From  (16)  it  is  seen,  remembering  that  «  =  that  the  barometric  gradient  at  any  alti¬ 
tude,  that  is,  for  any  value  of  P,  has  the  same  sign  as  the  gyratory  velocity  r,  i>ositive  where  the 
gyrations  are  cyclonic  and  negative  wliere  they  are  anti  cyclonic.  Hence  at  all  altitudes,  as  well  as 
at  the  earth’s  surface,  the  maximum  barometric  pressure  is  where  the  gyrations  are  reversed,  so 
that  in  a  cyclonic  system  with  a  warm  center  the  greatest  pressure,  at  a  considerable  altitude,  may 
be  very  near  or  even  at  the  center,  and  the  pressure  decrease  thence  to  the  outer  limit  of  the  anti¬ 
cyclone,  although  at  the  earth’s  surface  there  may  be  a  low  minimum  barometric  pressure  at  the 
center.  This  result,  deduced  from  (16),  is  also  evident  from  other  considerations,  for  cyclonic 
gyrations  tend  to  drive  the  air  from  the  center,  but  anti-cyclonic  ones  toward  the  center.  If  all  the 
gyrations,  therefore,  above  a  given  altitude  become  anti  (jyclonic,  as  they  may  according  to  the 
prcM'eding  section,  they  must  cause  a  heaping  up  of  the  air  in  the  central  part  in  such  a  manner 
that  the  maximum  pressure  is  at  the  center,  and  the  thin  strata  of  equal  density  and  pressure 
become  convex  in  the  central  part  instead  of  concave  as  at  the  earth’s  surface,  and  the  greater  the 
altitude  the  more  so.  The  thickuesse^s  of  the  strata  bounded  by  surfaces  of  equal  pressure  are 
therefore  greater  in  the  rarefied  central  part  than  in  the  more  dense  exterior  part,  but  so  far  as 
weight  or  pressure  at  the  earth’s  suiface  are  concerned,  the  rarefaction  at  the  center  is  exactly  com¬ 
pensated  by  the  greater  thic.knesses  of  the  strata,  so  that  the  pressure  P'  at  the  earth’s  surface  is 
entirely  indei)endent  of  the  temperature  gradient,  and  dej)ends  only  upon  the  amount  of  gyratory 
velocity  t'  at  the  earth’s  surface,  as  shown  by  (13),  and  iiimn  friction  as  affecting  the  value  of  cos  i. 

In  a  cyclonic  system  with  a  cold  center  we  have  the  reverse.  At  the  earth’s  surface  the  anti- 
cyclonic  gyrations  give  a  negative  gradient,  a<;cor<ling  to  (16),  but  at  a  certain  altitude,  where  all 
the  gyrations  may  become  cyclonic^,  the  gradient  is  positive  from  the  center  to  the  outer  limit  of  the 
anti  cyclone,  so  that  the  pressure  at  that  altitude  is  a  minimum  at  the  oenter  and  a  maximum  at  the 
exterior  limit.  The  cyirlonic  gyrations  drive  the  air  from  the  center  and  cause  a  depression  of  the 
strata  boumled  by  surfai^es  of  equal  pressure,  and  the  greater  the  altitude  the  greater  is  this  depres¬ 
sion.  The  thicknesses  of  these  strata,  therefore,  are  less  in  the  central  than  in  the  exterior  part;  but 
this  diminution  of  thickness,  so  far  as  pressure  on  the  earth’s  suiface  is  concerned,  is  exaccly  com¬ 
pensated  by  the  greater  density  in  the  cold  central  part,  so  that  the  pressure  then  dofiends  only 
upon  the  gyrations  there,  and  upon  friction  in  affecting  the  value  of  cos  i  in  (13),  and  not  upon  the 
temperature  grail ient. 

At  the  equator,  where  the  gyrations  vanish  and  the  motions  all  become  radial,  §10  (d),  the 
difference  in  barometric  pressure  depends  u[)on  the  friction  and  inertia  terms  alone,  but  these  must 
be  such  that  the  force  arising  from  the  difference  of  jiressure  due  to  the  temjierature  gradient  iS 
just  sufficient  to  overcome  them,  and  hence  the  velocity  in  the  case  of  friction  must  be  such  that 
the  amount  of  friction  is  equal  to  the  force,  and  where  there  is  no  friction  the  whole  force  is  spent 
in  overcoming  the  inertia  of  the  air,  and  there  is  then  a  continued  acceleration  of  radial  inter¬ 
changing  motion  between  the  central  and  exterior  parts  of  the  air,  disturbed  by  a  difference  ot 
temperature,  so  long  as  this  difference  is  maintained. 
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In  Fig.  2  and  Fig.  3  is  given  a  graphic  representation  of  the  gyratory  velocities  of  cyclones 
at  the  earth’s  surface,  and  of  the  relations  between  these  and  the  gyratory  velocities  at  any  altitude 
above  the  surface,  together  with  the  forms  of  the  corresponding  barometric  curves  of  a  section 
parsing  through  the  center  of  the  cyclone.  The  former  belongs  to  a  cyclone  with  a  warm  center, 
in  which  the  cyclonic  gyratory  velocities  are  diminished  above,  and  the  latter  to  a  cyclone  with  a 
cold  center  in  which  the  reverse  takes  place.  The  co  ordinates  of  the  unbroken  curved  lines  per¬ 
pendicular  to  the  radius,  as  indicated  by  the  arrows,  represent  the  gyratory  velocities  at  the  earth’s 
Surface,  represented  by  r',  and  the  corresponding  curved  line  of  the  same  kind  in  the  upper  part  of 
the  figure  represents  the  barometric  curve  of  pressure  at  the  earth’s  surface.  The  maximum  of 
pressure  is  at  the  distance  at  which  the  gyratory  velocities  vanish  and  change  signs,  as  already 
shown.  In  like  manner  the  perpendicular  co-ordinates  of  the  dotted  curved  lines  show  the  gyra¬ 
tory  velocities  at  some  altitude  above  the  earth’s  surface,  greater  or  less,  according  to  the  tempera¬ 
ture  gradient,  and  the  corresponding  dotted  curved  line  in  the  upper  part  of  the  figure  represents 
the  corresponding  barometric  curve.  In  this  case,  also,  the  maximum  of  barometric  pressure  is 
at  the  distance  at  which  the  gyrations  vanish  and  change  signs,  which,  in  the  cyclone  with  a  warm 
center,  is  nearer  the  center,  and  in  the  one  with  a  cold  center  further  from  the  center  than  in  the 
case  of  the  gyrations  at  the  earth’s  surface. 

Either  the  altitude  or  the  temperature  gradient,  or  both,  might  be  so  great  as  to  make  the 
gyratory  velocities  and  the  co-ordinates  representing  them  all  negative  in  the  cyclonic  system  with 
a  warm  center  and  positive  in  the  one  with  a  cold  center.  The  maximum  of  the  curves  then 
representing  the  barometric  pressure  at  a  considerable  altitude  would  beat  the  center  in  the  former 
case  and  at  the  outer  limit  of  the  anti  cyclone  in  the  latter. 

20.  According  to  (28)  the  gyratory  velocities  of  a  cyclone  with  a  warm  center  decrease  as  the 
altitude  h  where  0,  and  consequently  the  temperature  gradient,  are  the  same  at  all  altitudes.  But 
since  the  Inction  terms  were  neglected  in  obtaining  (28)  it  is  only  approximate,  and  near  the  earth’s 
surface  where  friction  is  great  but  rapidly  diminishes  with  the  altitude,  the  gyratory  velocities 
increase  with  the  altitude  much  more  rapidly  than  at  greater  altitudes  where  the  amount  of  friction 
is  small,  and  where,  consequently,  the  velocities  must  have  nearly  the  relations  given  by  (28).  If 
instead  of  using  the  first  of  (1),  neglecting  the  friction  and  inertia  terms,  we  had  used  (13),  putting 

— - o  .  and  since  at 

cos^i'  cos*  I/’ 

and  near  the  earth’s  surface  cos*  is  much  less  than  cos*  i  at  some  altitude  above,  since  i  increases 
with  the  amount  of  friction,  r',  in  order  to  satisfy  the  conditions  where  friction  is  considered,  must 
increase  with  the  altitude  more  rapidly  near  the  earth’s  surface  than  at  considerable  altitudes.  But 
for  the  reason  that  these  gyratory  velocities  in  comparison  with  those  above  are  less  near  the  sur¬ 
face  than  is  required  to  satisfy  (28),  the  force  which  arises  from  these  gyrations  and  tends  to  drive 
the  air  from  the  center  is  much  less  there,  and  consequently  the  air  flows  in  toward  the  center  with 
much  greater  facility  than  at  higher  altitudes  where  the  gyratory  velocities  are  much  greater.  The 
velocity,  therefore,  of  inflow  toward  the  center  is  much  the  greatest  near  the  earth’s  surface,  while 
the  maximum  velocity  of  the  gyrations  is  at  a  greater  altitude.  The  directions,  therefore,  of  the 
currents  in  the  lower  strata  of  a’cyclone  must  be  more  inclined  toward  the  center  than  at  a  very 
moderate  altitude  above  the  surface,  as  is  likewise  shown  by  the  greater  value  of  i  near  the  earth’s 
surface,  as  deduced  from  (11)  in  §  10  (b).  If  an  observer  at  the  earth’s  surface,  therefore,  stands 
with  his  face  toward  the  wind  of  a  cyclone,  the  currents,  and  likewise  the  directions  of  the  clouds, 
at  some  altitude  above  him,  must  be  from  some  point  of  the  compass  at  his  right  hand  in  the 
northern  hemisphere,  and  the  contrary  in  the  southern,  and  at  very  great  altitudes,  as  in  the  region 
of  the  cirrus  clouds,  where  the  gyratory  velocities  are  much  less  in  the  case  of  ordinary  cyclones, 
and  may  even  be  reversed,  and  where  the  radial  motion  is  outward  from  the  center  instead  of 
toward  it,  these  directions  may  vary  so  much  that  they  may  seem  to  cross  one  another  at 
right  angles,  or  even  to  be  somewhat  counter  to  one  another.  The  directions  of  motion  in  the  upper 
regions  are  indicated  by  the  dotted  arrows  in  Fig.  1.  The  area  of  cyclonic  gyrations  and  also  their 
velocities  here,  according  to  what  precedes,  is  much  diminished,  and  those  of  the  anti-cyclone  much 
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increased,  especially  at  very  high  altitudes,  and  the  dividing  line  between  the  cyclonic  and  anti- 
cyclonic  gyrations  much  nearer  the  center.  The  interior  part  of  the  upper  anti  cyclone  consequently 
overlaps  the  exterior  part  of  the  cyclone  below,  and  over  this  region  the  directions  of  motion  of 
the  air  above  and  below  are  very  nearly  or  (piite  in  opposite  directions. 

21.  So  far  we  have  regarded  the  area  of  cyclonic  disturbance,  and  likewise  the  gyrations,  as 
ha\Tngh  definite  circular  limit  with  the  radius  R.  In  the  case  of  nature,  however,  this  is  not  the 
case,  but  the  gyrations  of  the  anti  cyclone,  by  means  of  friction,  are  continually  bringing  into  circu¬ 
lation,  both  gyratory  and  vertical,  new  portions  of  the  surrounding  air,  by  which  the  area  of 
gyrations  is  enlarged,  and,  in  consequence  of  the  corresponding  enlarged  vertical  circulation,  the 
area  of  the  temperature  gradient  is  also  enlarged  in  somewhat  the  same  manner.  As  the  area  of 
the  gyrations  is  enlarged  the  condition  expressed  by  (10)  must  still  be  satisfied,  which  will  in 
general  require  that  the  cyclone  and  anti  cyclone  both  enlarge  simultaneously.  There  is,  however, 
evidently  a  limit  in  all  cases  beyond  which  the  power  of  the  cyclone  cannot  extend,  or  at  least 
make  itself  sensibly  felt. 

22.  If  we  regard  C,  and  consequently  the  temperature  gradient,  as  a  function  increasing  or 
decreasing  with  the  time,  as  it  generally  is,  we  somewhat  change  the  conditions  of  the  problem  as 
treated  so  far,  but  the  etl'ects  depending  upon  this  change  are  so  small  that  it  is  not  worth  while  to 
enter  into  the  consideration  of  them  here.  While  G  is  increasing  of  course  the  whole  activity  of 
the  cyclone  must  increase,  and  this  introduces  a  change  in  the  amount  of  inertia  to  be  overcome  by 
the  forces,  so  that  the  term  D,if,  and  the  components  D,  ii,  and  D,r  entering  into  the  fundamental 
equations,  taken  either  positively  or  negatively,  must  increase  as  C  increases,  and  inversely,  but  as 
C  generally  changes  very  slowly  with  the  time,  and  the  amount  of  force  necessary  to  overcome  the 
inertia  of  the  air  in  any  ordinary  rate  of  increase  or  decrease  of  velocities  is  very  small,  (§  9),  the 
conditions  of  the  problem,  and  all  the  results,  may  be  regarded  at  any  instant  as  being  sensibly  the 
same  as  if  G  were  constant. 

While  G  is  increasing  the  whole  activity  and  the  area  of  the  cyclones  are  increasing,  but  the 
latter  for  reasons  given  above,  and  not  on  account  of  the  increase  of  G,  so  that  the  area  continues 
to  enlarge  while  G  decreases,  and  although  while  G  decreases  the  velocities  are  being  gradually 
diminished  by  friction,  and  as  G  vanishes  these  velocities  also  vanish,  yet  the  area  of  the  cyclones 
is  not  thereby  diminished,  but  rather  enlarged  to  the  last. 

23.  By  comparing  the  fundamental  equations  (1)  of  a  cyclone  and  the  results  deduced  from 
them,  in  the  preceding  pages,  wifh  the  equations  of  the  general  motions  of  the  winds,  and  the 
results  deduced  from  them,  in  Part  I  of  these  Researches,  it  is  seen  that  they  are  similar  in  the  two 
cases,  those  of  the  general  motions  of  the  atmosphere  differing  a  little  from  those  of  a  cyclone, 
audits  accompanying  anticyclone,  on  account  of  the  greater  extent  of  the  earth’s  surface  included, 
and  the  necessity,  therefore,  of  taking  into  acc^ount  the  cairvature  of  the  earth’s  surface  instead  of 
regarding  it  as  a  plane  surface,  as  in  ordinary  cyclones.  The  two  systems  of  winds,  therefore, 
belonging  to  the  northern  and  southern  hemispheres  of  the  globe  are  simply  two  great  cyclonic 
systems  with  a  cold  center,  having  the  cold  poles  of  the  earth  for  their  centers.  The  motions  of 
the  air  eastward  around  and  toward  the  poles,  in  the  middle  latitudes,  giving  rise  in  those  latitudes 
to  the  normal  southwest  ^vinds  in  the  northern,  and  northwest  winds  in  the  southern  hemisphere, 
form  the  cyclones,  and  the  trade-wind  region  the  corresponding  anti  cyclones,  with  the  equatorial 
calm-belt  for  the  common  limit  of  the  two  systems.  The  tropical  calm-belt  and  corresponding 
maxima  of  barometric  pressure  near  the  parallels  of  30^  correspond  to  the  similar  calm  and 
dividing  line  between  the  cyclone  and  anti  cyclone  in  the  ordinary  and  smaller  cyclonic  systems. 
The  mean-temperature  gnulients  of  the  northern  and  southern  systems  are  about  the  same,  but 
since  there  is  much  more  land  in  the  northern  than  in  the  southern  hemisphere,  and  consequently 
the  resistance  to  the  gyrations  of  the  atmosphere  around  the  globe  from  mountain  ranges  and  the 
inequalities  of  laud  surface  generally  is  much  less  in  the  latter  than  in  the  former,  the  southern 
cyclonic  sy  stem  is  the  more  violent  of  the  two,  so  that  the  barometric  depression  below  the  mean 
is  much  greater  at  the  south  than  at  the  north  pole,  and  the  mean  position  of  the  equatorial  calm 
belt  is  a  little  north  of  the  eciuator. 
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During  the  winter  of  the  northern  hemisphere,  the  temperature  gradient  of  the  northern 
cyclonic  system  is  much  greater  and  that  of  the  southern  some  less  than  the  mean  of  winter  and 
summer ;  hence  at  the  former  time  the  violence  of  the  northern  system  is  much  greater  and  that 
of  the  southern  some  less  than  the  mean,  and  the  equatorial  and  tropical  calm-belts  are  driven 
south  of  their  mean  positions.  In  the  summer  of  the  northern  hemisphere  the  reverse  takes  place, 
and  the  positions  of  these  calm-belts  is  a  little  north  of  their  mean  positions.  Hence  there  is  a 
regular  oscillation  of  these  calm -belts  and  of  the  whole  system,  with  the  changes  of  the  seasons. 

tn  §  16  it  has  been  assumed  that  the  function  expressing  the  temperature  upon  which  the 
disturbance  of  static  equilibrium  and  the  maintenance  and  activity  of  the  cyclones  depend  is  of 
the  form  of  (24).  Of  course  the  real  forms  of  this  function  in  nature  are  generally  only  rough 
approximations  to  this,  which  has  been  assumed  in  order  to  simplify  the  problem:  The  results, 
therefore,  which  have  been  obtained  upon  this  assumption  are  not  strictly  such  as  are  usually 
observed  in  nature,  and  they  can  only  be  used  in  a  general  explanation  of  the  phenomena  observed, 
or  in  the  comparisons  of  theory  ^^ith  observation  where  we  have  the  averages  of  great  numbers  of 
observations,  from  which  the  effects  of  abnormal  disturbances  and  irregularities  are  eliminated. 

24.  There  are  several  causes  which  produce  variations  of  temperature  in  the  atmosphere,  which 
may  be  divided  into  primary  and  secondary.  The  first  give  rise  to  the  initial  cyclonic  motions  of 
the  air,  and  the  latter  can  only  come  into  play  after  these  initial  motions  take  place.  If,  in  a  qui¬ 
escent  atmosphere,  any  portion  receives  more  caloric,  from  the  sun’s  rays,  from  radiation  from  the 
earth’s  surface,  from  conduction,  &c.,  than  it  loses  by  radiation,  conduction,  &c.,  its  temperature  is 
increased ;  and,  on  the  contrary,  if  it  loses  more  caloric  than  it  receives,  from  the  several  causes 
mentioned,  its  temperatureis  diminished.  Inequalities  of  temiierature  are  thus  produced  in  different 
parts  of  the  air  which  give  rise  to  temperature  gradients.  If  the  isotherms  be  somewhat  circular, 
as  they  frequently  may  be,  we  have  approximately  the  conditions  of  a  cyclone,  with  a  warm  or  a 
cold  center,  aecordiug  as  the  temperature  gradients  are  negative  or  positive.  The  several  causes 
mentioned  above,  upon  which  these  conditions  depend,  are  primary  causes,  which  alone,  unaided 
by  the  secondary  causes,  may  give  rise  to  and  keep  up  a  cyclone  of  more  or  less  violence  for  a  con¬ 
siderable  time. 

After  the  cyclonic  di.sturbance  due  to  the  primary  causes  has  once  set  in,  and  ascending  and 
descending  currents  are  produced,  the  temperature  of  the  air  is  decreased  in  some  parts  by  expan. 
sion  in  ascending,  and  increased  in  others  by  compression  in  descending,  and  when  the  ascending 
currents  are  saturated  with  aqueous  vapor  the  temperature  is  increased  by  the  latent  caloric  of  the 
vapor  set  free  in  its  condensation  by  the  cold  of  exx>ansion  in  the  ascent  of  the  air.  These  latter 
are  the  secondary  causes  which  only  take  place  after  the  initial  disturbances  arising  from  the  pri¬ 
mary  causes. 

25.  From  [29)  we  get,  since  the  second  member  is  equal  to  —  D^  log  P, 

«  (F„  +  D,m)  =  -  DJog  P  =  - 

The  condition  of  initial  motion  toward  the  center  at  or  near  the  earth’s  surface,  and  conse¬ 
quently  of  ascending  currents  in  the  interior  of  the  cyclone  in  the  lower  strata,  is  that  the  first 
member  of  this  equation  taken  at  or  near  the  earth’s  surface  shall  be  negative,  or,  in  other  words, 
that  D^  P'  shall  be  positive,  P'  rejiresenting  the  barometric  pressure  there.  After  the  initial  mo¬ 
tions  the  term  in  the  first  of  (1)  depending  upon  r,  which  w<us  neglected  in  obtaining  (29),  begins 
to  have  a  value  iii  the  origination  of  the  cyclone ;  but  this  is  only  a  modifying  force  depending 
upon  the  earth’s  rotation  and  the  centrifugal  force  of  the  gyrations,  and  cannot  become  so  great  as 
to  destroy  and  change  the  sign  of  the  first  member  of  (29),  else  the  radial  motions  would  become 
reversed  without  any  change  in  the  temperature  conditions  upon  which  they  depend.  The  con¬ 
dition  of  ascending  currents,  therefore,  in  the  interior  of  a  cyclone  in  the  lower  strata  is  that  D^  P', 
regarded  as  a  function  varying  with  the  temiierature  only,  or  rather  with  the  density,  for  this 
depends  also  slightly  upon  the  amount  of  aqueous  vapor  in  the  air,  shall  be  positive. 
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Now  we  hare  as  an  expression  of  P' — 

P'=  f.gh 

“  X  + -0040  . 


.004^ )  very  uearly, 


in  which  I  =  7989'"  is  the  height  of  a  homogeneous  atinos])here.  In  this  expression,  it  will  be  re¬ 
membered,  the  average  principal  i>art  generally  of  the  effect  of  the  aqueous  vapor  in  a  quiescent 
atmosphere  has  been  taken  into  account  by  changing  a  little  the  coefficient  of  L 
From  this  expression  we  get — 


(30) 


D,  P'  = 


--  .002 


simp  J  ~  (t,  —  t,)  by  (25)  and  (26), 


In  which  the  value  of  c  is  of  no  consequence  for  our  purpose.  The  integration  must  extend  from 
^  s=  0  to  the  top  of  the  atmosphere,  or  at  least  so  high  that  the  balance  may  be  neglected  without 
material  error. 

In  the  preceding  expression  of  P',  P  is  the  pressure  independent  of  temperature,  and  conse¬ 
quently  of  r,  and  P'  in  the  expression  of  P',  especiallj^  at  the  time  of  incipient  disturbance  be¬ 
fore  gyrations  have  set  in,  to  which  time  the  expression  refers,  may  be  regarded  as  a  constant. 

P'  is  the  incipient  force  which  overcomes  the  inertia  and  friction  of  radial  motions  to  or  from 
the  center,  upon  the  hypothesis  that  there  has  been  yet  no  change  in  the  height  of  the  atmosphere 
or  of  the  strata  of  equal  density  in  the  upper  part,  but  as  the  motions  set  in  the  height  of  the 
atmosphere  and  of  the  strata  of  equal  density  are  elevated  or  depressed,  as  the  case  may  be, 
enough  to  give  rise  to  a  gradient  either  from  or  toward  the  center  in  the  upper  part  of  the  atmos- 
sphere,  contrary  to  the  radial  motion  below,  else  the  equation  of  continuity  could  not  be  satisfied. 
But  this  must  be  only  sufficient  to  divide  the  force  P'  between  the  upper  and  lower  strata,  and 
consequently  only  such  as  to  diminish  P'  and  not  enough  to  entirely  destroy  it  or  reverse  the 
sign  of  it;  so  that  according  as  the  sign  of  P'  is  positive  or  negative  will  the  motion  of  the  air 
below  be  toward  the  center  and  rise  up  in  the  interior  part  of  the  cyclone,  or  the  reverse. 

The  preceding  expression  of  P'  is  applicable  to  any  other  stratum  of  the  atmosphere  ot 
which  the  pressure  is  P'',  provided  that  h  in  that  case  is  reckoned  from  that  stratum  instead  of 
from  the  earth’s  surface.  If  P'  is  positive  at  and  near  the  surface  there  must  be  motion  toward 
the  center  and  a  rising  up  of  the  air  in  the  central  part,  but  this  ascent  of  the  air  may  not  extend  to 
the  top  of  the  atmosphere,  where  the  temperature  gradients  are  not  the  same  at  all  altitudes,  but 
these  may  be  such  a  function  of  the  altitude  that  the  reverse  radial  currents  will  take  place  at  some 
intermediate  part  of  the  atmosphere.  If  P  is  positive  for  the  lower  and  upper  parts  of  the  atmos¬ 
phere  and  negative  for  the  intermediate  part,  the  radial  motion  will  be  toward  the  center  below  and 
above,  and  from  it  in  the  intermediate  parts,  and  the  vertical  currents  be  ascending  ones  below  and 
descending  ones  above,  with  little  or  no  change  in  the  height  of  the  atmosphere.  Of  course  the 
reverse  would  take  place  if  P  were  negative  below  and  above,  and  positive  for  the  intermediate 
altitudes.  When  P  is  positive  for  all  altitudes,  and  generally  where  it  is  so  for  only  the  lower 
half  of  the  atmosphere,  the  currents  in  the  interior  will  be  ascending  ones  to  the  top  of  the  atmos¬ 
phere,  and  the  ffow  of  the  air  will  be  out  from  the  center  above,  since  if  P  is  negative  above 
in  the  initial  state  it  becomes  reversed  in  the  upper  part  by  the  increased  height  of  the  atmosphere, 
and  the  reverse  of  this  if  P  is  negative  for  all  altitudes,  and  generally  so  if  for  only  the  lower 
half  of  the  atmosphere. 
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If  D^  P  =  0  for  the  lower  strata  of  the  atmosphere,  then  these  strata  remain  undisturbed, 
except  so  far  as  they  are  acted  upon,  through  friction,  by  the  radial  and  gyratory  motions  of  the 
disturbed  strata  above  them. 

If  we  put 

=  the  decrease  in  temperature  for  each  100  meters  of  increase  of  altitude  in  the  center 
and  exterior  limit  of  the  cyclone  respectively, 

=  the  corresponding  values  of  and  at  the  earth’s  surface,  we  have 


With  these  values  of  i,.  and  t,  in  (30),  we  get 

(31,  .  1).  r-  =  -1  ,iu  ,  J  J  ( A  -  Jj  J  -i:, 

in  which  the  integrations  must  commence  at  the  earth’s  surface  or  at  any  assumed  stratum  of 
which  the  barometric  pressure  is  P'. 

In  the  case  of  descending  cuiTcnts  if  we  wish  to  represent  the  temperature  disturb¬ 

ance  from  the  primary  causes,  we  must  commence  the  integration  at  the  top  of  the  atmosphere,  or 
wherever  the  cun*ent  commences  and  where  there  is  no  disturbance  of  temperature  from  the  pri¬ 
mary  causes,  and  hence  the  sign  in  this  case  must  be  changed.  If  the  integration  commence  at 
the  earth’s  surface,  then  f  „)  must  include  the  whole  temperature  disturbance  arising  from  both 

the  primary  and  secondary  causes. 

In  order  to  have  motion  toward  the  center  at  the  earth’s  surface  and  ascending  cuiTents,  we 
must  have  D^  P'  in  (31)  positive,  regarded  as  a  function  of  temi>erature,  and  unaffected  by  gyratory 
motion,  and  hence 

(32)  .  .  .  —  V ^  I  > 

For  the  condition  of  motion  from  the  center  and  descending  currents  near  the  earth’s  surface 
in  the  interior  we  must  consequently  have 

For  any  other  stratum  with  pressure  P''  I  must  be  the  height  of  the  homogeneous  atmosphere 
above  that  stratum  and  the  integrations  commence  from  that  stratum.  If  (32)  is  satisfied  for  the 
low  er  half  of  the  atmosphere  or  thereabout,  the  currents  will  ascend  to  the  top  of  the  atmosphere, 
but  otherwise  they  may  not. 

26.  In  the  initial  state,  before  motion  has  commenced,  may  have  any  value,  differing  generally, 
however,  not  very  much  from  that  of  ;  but  as  ascending  or  descending  currents  are  generated 
and  kept  up,  its  value  approximates  and  finally  reaches  the  value  of  very  nearly,  in  the  case  of 
air  unsaturated  with  aqueous  vapor,  but  in  the  case  of  saturated  air  and  ascending  currents  the 
value  to  which  it  approximates,  and  finally  reaches,  is  different  for  different  altitudes  and  tempera¬ 
tures.  Tliis  matter  has  been  thoroughly  worked  up  by  various  investigators,  and  the  most  impor. 
tant  of  their  propositions  have  been  deduced  and  presented  in  the  most  simple  manner  by  Dr. 
Hann,  so  that  it  is  not  necessary  to  enter  into  this  subject  here,  but  merely  to  copy  a  few  of  the 
results  from  his  paper,*  which  it  may  be  necessary  to  use  in  the  following  pages.  These  are  con¬ 
tained  in  the  following  table : 

*See  Zeit.  Oest.  Gesell.  Met.  1874,  ix,  p.  :i*21  et  scq.  Also  a  translation  by  Prof.  Cleveland  Abbe,  Smithsonian 
Report  for  1877. 
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Table  of  the  temperature  of  ascending  saturated  air  for  each  100  meters  of  ascent. 


Initial  temperature. 

Altitude 

Initial  pressure. 

— 

— - 

—  — _ 

- - - 

for  0^. 

-10^^ 

-5° 

o<^  1  50 

10® 

15° 

20=> 

250 

30° 

MiUimeterg. 

o 

o 

0  3 

0 

0 

0 

0 

0 

Mefert. 

760 . 

0.  76 

0.  69 

0. 63  1  0. 60 

0.54 

0.  49 

0. 45 

0.41' 

0.38 

20 

700 . 

.74 

.68 

.62  1  .59 

.53 

.48 

.44 

.40 

.37 

680 

600 . 

.71 

.65 

.58  1  .55 

.49 

.44 

.40 

.  37 

1,910 

500 . 

.  68 

.62 

.55  1  .52 

.46 

.41 

.38 

i 

3,360 

1  400 . 

.63 

.57 

.50  !  .47 

.42 

.38 

5, 150 

300 . 

.  57 

.  .51 

.44  .42 

! 

7, 430 

'  .  40 

.43  1 

.38  . 

i  .  1 

'  ' 

! 

10,670 

1  200 . 

1 

i 

Weight  of  aqueous  vapor  in  a  Tcilogram  of  saturated  air. 


Millimeters. 

Grams.  Grams. 

I  Grams. 

Grams. 

'  Grams. 

Grains. 

Grarn^. 

1 

Grams. 

Grams. 

Meters. 

760 . 

,.|  1.7  1  2.6 

3.8 

5.4 

7.6 

1  10.5 

14.4 

\  19. 5 

26.3 

20 

600  . 

1  22!  32 

4.  6 

6.  8 

9.6 

13.3 

18.  3 

24.  8 

1,910 

400 . 

1 

. '  3,  3  4, 8 

7.2 

,  10. 2 

14.4 

1  20.0 

5, 150  i 

^00 _ 

,.l  6.  .5  9.7 

1 

1 

10,  670 

1  ,  1  '  !  i 

It  is  seen  from  this  table  that  the  rate  of  diminution  of  temperature  in  ascending  saturated 
air,  is  much  less  than  in  the  case  of  unsaturated  air,  which  is  for  each  100  meters  of  ascent. 
This  difference  is  due  to  the  latent  caloric  set  free  in  the  condensation  of  the  vapor,  and  is  especially 
large  in  warm  summer  temperatures,  when,  as  seen  in  the  last  part  of  the  table,  the  amount  of 
aqueous  vapor  is  comparatively  very  great.  Hence  the  free  caloric  ^arising  from  the  condensation 
of  the  vapor  forms  a  very  important  part  in  the  preceding  conditions  of  (32)  after  the  ascending 
currents  have  once  set  in,  and  likewise  in  the  power  of  the  cyclone,  as  seen  from  the  expression  of 
P',  upon  which  this  power  depends.  In  descending  currents  saturated  air  at  once  becomes 
unsaturated,  and  hence  we  have  in  this  case  4  =  as  in  ascending  currents  of  unsaturated  air. 

If  Jo  at  all  altitudes  is  greater  than  in  the  case  of  an  ascending  current,  then  ( J,  —  J,.)  is 
negative  for  all  altitudes,  and  the  conditions  of  (32)  and  (33)  are  satisfied  in  the  case  of  —  t\)  =  0; 
that  is,  in  the  case  of  no  primary  disturbance  of  temperature,  pixivided  that  ascending  or  descend¬ 
ing  currents,  however  slight,  are  once  generated  by  any  small  instantaneous  impulse  or  temporary 
cause  of  disturbance ;  for  the  initial  value  of  J^  being  the  same  as  J^,  as  soon  as  the  vertical  current, 
either  ascending  or  descending,  sets  in,  the  value  of  J,  =  J^  at  the  start  approximates  to  the  value 
of  Je  in  an  ascending  or  descending  current,  and  consequently  becomes  less  than  J^  at  all  altitudes, 
and  the  conditions  of  both  (32)  and  (33)  are  satisfied  with  f „  =  0  for  all  altitudes,  and  this 

continues  so  until  by  a  partial  or  complete  inversion  of  the  atmosphere,  or  from  the  action,  mean¬ 
while,  of  the  primary  causes  of  disturbance  of  temperature,  the  value  of  J^  in  the  surrounding 
parts  comes  to  have  a  value  equal  to  or  less  than  that  of  J^  in  the  case  of  ascending  currents,  after 
which  the  conditions  are  no  longer  satisfied  with  (f'^  —  t\)  =  0,  and  all  motion  ceases.  If  the  first 
impulse  from  the  instantaneous  or  temporary  cause  is  upward  in  the  central  part  of  a  given  area,  then 
the  currents  will  continue  to  ascend  in  this  central  part  to  the  top  of  the  atmosphere,  and  conse¬ 
quently  to  descend  gently  in  the  surrounding  parts,  and  the  currents  will  be  toward  the  center 
below  and  from  it  above;  but  if  the  first  impulse  is  downward  in  the  central  part  the  vertical  and 
horizontal  motions  will  all  be  reversed.  The  state  of  the  atmosphere  in  which  (32)  and  (33)  are 
satisfied  with  {t\  —  =  0,  after  the  temperature  disturbances  are  called  into  play  by  any  instan¬ 

taneous  impulse,  is  called  the  state  of  unstable  equilibrium. 

If  J^  is  greater  than  1°  in  the  case  of  unsaturated  air,  or  than  the  values  given  in  the  preceding 
table  in  the  case  of  saturated  air,  we  have  this  state  of  unstable  equilibrium,  but  in  the  latter  case 
the  primary  instantaneous  impulse  must  be  upward.  Hence  the  state  of  unstable  equilibrium  is 
produced  by  a  much  less  rapid  rate  of  diminution  of  temperature  with  increase  of  altitudes  in  the 
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case  of  saturated  air  than  in  that  of  unsaturated  air,  and  this  is  especially  the  case  for  warm  tem¬ 
peratures  and  at  great  altitudes,  as  is  seen  from  the  preceding  table.  For  a  temperature  of  30°  it 
is  only  necessary  that  should  be  greater  than  0^.38. 

In  order  to  have  the  state  of  unstable  equilibrium  it  is  not  necessary  to  have  greater  than 
for  all  altitudes,  but  merely  that  there  should  be  a  preponderance  of  such  values,  and  mostly  in 
the  lower  p^rts  of  the  atmosphere,  so  thatyi{Jc  —  ^o)  shall  be  negative.  If  this  be  the  case  for 
the  lower  strata  only  of  the  atmosphere,  and  for  all  those  above/[(Jc  —  ^o)  should  be  positive, 
then  the  ascending  current  would  not  ascend  to  the  top  of  the  atmosphere,  and  the  conditions  may 
be  such  that  they  will  ascend  only  to  a  moderate  height  when  the  air  will  move  out  from  the  center 
to  supply  the  inflowing  currents  below. 

27.  It  is  seen  from  (30)  that  a  state  of  unstable  equilibrium  in  the  lower  strata  only  of  the 
atmosphere  has  little  eflect  in  producing  a  cyclone  of  large  extent  with  ascending  or  descending 
currents  extending  to  the  upper  regions  of  the  atmosphere,  on  account  of  the  short  extent  of  the 
integrations  with  regard  to  in  the  expression  of  D^P',  upon  which  the  power  of  the  cyclone 
depends,  and  also  on  account  of  the  large  value  of  R,  in  a  large  cyclone,  for  this  shows  that  the 
temperature  gradient  and  power  of  the  cyclone  are  inversely  as  the  extent  of  the  temperature  disturb¬ 
ance,  the  difference  of  temperature  between  the  center  and  the  external  part  remaining  the  saim*. 
If  were  so  much  less  than  tliat  the  average  of  —  ^o)  for  a  stratum  of  1,000  meters  in  depth 
were  9®,  the  effect  would  only  be  equal  to  about  a  difference  of  in  —  i\) ;  that  is,  to  a  difference 
of  lo  between  the  central  and  exterior  part  of  the  area  of  temperature  disturbance  arising  from  the 
primary  causes,  and  extending  to  the  top  of  the  atmosphere.  But  this  is  an  extreme  assumption; 
for  the  atmosphere  most  probably  never  becomes  in  this  state  to  the  height  of  1,000  meters,  even 
when  the  difference  between  and  is  very  small ;  and  where  there  is  a  very  rapid  diminution  of 
the  temperature  with  the  altitude,  and  consequently  is  large,  the  height  to  which  such  a  state 
extends  must  generally  be  small,  and  this  only  in  cases  where  there  have  been  no  disturbances  of 
the  atmosphere  from  the  primary  causes  for  a  considerable  time. 

The  state  of  unstable  equilibrium  occurs  mostly  at  some  distance  above  the  earth^s  surface, 
and  in  the  case  of  saturated  air ;  since  in  this  case  the  diminution  of  temperature  with  altitude,  or 
value  of  Jo?  required  is  much  less,  especially  in  the  summer  season,  as  is  seen  from  Table  1 5  but  in 
order  to  have  the  air  saturated,  it  is  necessary  that  there  shall  have  been  first  an  ascending  current 
long  enough  to  cool  the  air  down  to  the  dew-point,  and  this  can  only  arise  from  the  disturbances  of 
temperature  due  to  the  primary  causes.  But  after  this  has  once  taken  place,  if  the  value  of  Jo  is 
less  than  the  value  of  J^  in  Table  I,  we  have  a  state  of  unstable  equilibrium,  since  the  condition  of 
(32)  would  be  satisfied  if  were  equal  to  <'o?  taken  in  the  lowest  saturated  stratum ;  and  if  the 
upward  currents  were  to  cease  at  the  time  of  reaching  saturation,  any  instantaneous  upward 
impulse  would  bring  J^  to  have  a  less  value  th^n  Jo,  and  this  would  continue  as  long  as  the  air 
could  be  kept  saturated  at  any  given  altitude  by  means  of  the  ascending  currents. 

Where  (t'^  —  ^«)  has  a  finite  value,  either  positive  or  negative,  the  primary  causes  combine  with 
the  secondary  causes  of  disturbance  in  the  state  of  unstable  equilibrium ;  and  where  the  state  of 
the  atmosphere  only  approximates  to  this  unstable  state  the  conditions  of  (32)  and  (33)  can  still 
be  satisfietl  if  the  amount  of  primary  disturbance  of  temperature  (<^  —  fj)  is  sufficiently  great; 
but  it  may  be  such  only  that  it  is  entirely  counteracted  by  the  disturbance  of  temperature  from  the 
secondary  causes  after  the  motions  u^mn  which  these  depend  have  once  set  in,  so  that  in  such  a 
case  there  can  be  but  little  atmospheric  disturbance. 

28.  If  we  knew  the  value  of  J^  and  J^  for  all  the  strata  of  the  atmosphere,  and  also  the  amount 
of  primary  temi>erature  disturbance  (t'^  — 1'„),  in  any  case,  we  could  determine  by  computation 
which  of  the  conditions  of  (32)  or  (33)  are  satisfied.  Unfortunately  we  have  no  means  of  knowing 
the  values  of  J^  at  any  special  time,  and  we  have  few  observations  from  which  we  can  deduce 
general  average  values  of  it.  Glaisher’s  observations,  during  numerous  balloon  voyages,  gave,  for 
the  free  atmosphere,  the  following  rates  for  the  diminution  of  temperature  with  the  increase  of 
altitude,  taken  from  Dr.  Hann’s  paper,  already  referred  to,  deduced  from  results  given  originally  in 
the  Report  of  the  British  Association,  1864, 
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Table  H. — Diminution  of  temperature  per  100  meters  of  altitude. 


Altitude  iu  tbuiiHands  of  Eiif;li8h  feci. 


WtatlitT. 


0-1  ,  1-2 


o  o 

CUar .  ,  0.98  0.71 

Cloudy .  t.86  0.73 


2-3 

3-4 

1  ^  ^ 

I  5-10 

1 

10-15 

15-20 

1 _ 

o 

1  ® 

!  o 

o 

1  o 

o 

0.  r>5 

0.  35 

0.  .v» 

•  0.46 

0.  39 

0.30 

0.  73 

*  0.56 

0.55 

’  0.45 

0.40 

0.25 

For  tlie  first  1,000  feet,  iu  clear  weather,  it  is  seen  that  the  average  state  of  the  atmosphere  at 
the  time  of  these  balloon  ascensions  difiered  but  little  from  a  state  of  unstable  eiiuilibrium  for 
imsatiirated  air.  In  cloudy  weather  the  earth’s  surface,  and  the  lower  strata  of  tlie  atmosphere, 
are  not  so  much  heated  by  the  direct  rays  of  the  sun,  and  the  rate  of  diminution  of  temperature, 
then,  for  the  first  1,000  feet,  is  less  than  in  clear  weather.  Above  the  altitude  of  3,000  feet  it  is  seen 
that  the  rate  is  nearly  the  same  in  clear  and  cloudy  weather,  and  verj'  much  less  than  near  the 
earth’s  surface  and  than  the  rate  reiiuired  for  unstable  equilibrium  of  nnsaturated  air.  Different 
balloon  ascents  often  gave  verj’  ditl'erent  results,  and  in  some  cases  the  rates  became  negative 
iu  some  parts  of  the  ascent,  and  the  temperature  increased  with  altitude.  These  rates  were  also 
found,  in  the  lower  part  of  the  atmosphere,  to  be  difterent  at  dift’erent  seasons  of  the  year  and 
different  times  of  the  day.  At  difterent  times,  therefore,  the  rates  of  deiTease,  no  doubt,  differ  veiy 
much  from  the  averages  given  above,  and  even  from  the  averages  which  would  be  given  by  obser¬ 
vations  made  at  the  same  season  of  the  year  and  the  same  time  of  day.  They  probably  differ  also, 
under  the  same  circumstances,  in  different  latitudes. 

The  rates  given  in  the  preceding  table  are  deduced  from  observations  made  mostly  in  the  sum¬ 
mer  half  year,  especially  those  of  high  altitudes,  and  the  latter  are  based  upon  but  few  observations, 
so  that  the  results  from  many  observations,  made  at  all  seasons  of  the  year  and  all  times  of  the 
day,  might  differ  considerably  from  these,  though  the  rates  of  decrease  of  temperature  in  high  alti¬ 
tudes  are  perhaps  not  affected  very  much  by  the  seasons  or  the  times  of  day. 

From  observations  made  by  the  United  States  Signal  Service  on  the  top  of  Mount  Washington 
and  at  Burlington  and  Portland,  and  on  the  top  of  Pike’s  Peak  and  at  surrounding  stations  on  the 
plateau  of  Colorado,  and  also  from  observations  made  in  Switzerland,  w^e  have  the  following  rates 
given  by  Dr.  Hann : 


Table  III. 


Stations. 

’  Winter. 

1  Sjuiiig. 

Sjiiiinier. 

Autumn. 

Year. 

o 

o 

n 

o 

o 

Mount  Washington— Burlington . 

.  0. 40 

0.59 

0.  67 

0.52 

0.56 

Mount  Washington — Portland  .  . . 

.  0. 46 

0.60 

0.  .57 

0.55 

0.55 

Switzerland  by  Wellennian  . 

.  0. 45 

0.  67 

0.  73 

0.  52 

0.58 

Plateau  of  Colorado . .  0. 61 


It  is  seen  that  these  rates  differ  considerably  in  dift’erent  seasons  of  the  year,  but  the  averages 
of  summer  and  autumn  do  not  differ  much  from  the  average  for  corresponding  altitudes  given  iu 
Table  II. 


Zeit.  Oest.  Gcsell.  Met.  xi,  1H76,  p.  84. 
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The  following  table  of  results  for  the  lower  strata  of  the  atmosphere,  taken  from  a  paper*  by 
Glaisher,  is  very  important  in  this  connection : 


Table  IV,  Hhowing  the  decrease  of  t€mj)erature  iclth  increasing  elevation  at  every  100  feet  up  to  1,000  feet. 


:  1 

,  Height  above  the  p-oiind.  J 

1 

10  to  11 

3  to4 

Clear  sky. 

1  6  to  7 

1  7  to  7.  30 

3to4 

Clondy  8ky. 

6to7 

4  to  5 

1  5  to  6 

j  4  to  5 

1  5  to  6 

7  to  7.  30 

Feet.  1 

o 

o 

1  ° 

1 

'  o 

o 

o 

1  o 

1  o 

o 

1  0  to  100 . 1 

1.0 

1.5 

1.1 

1  0.9 

1  0. 5 

0.0 

1.2 

I 

0.6  1 

0.5 

0.5 

1  100  to  200 . I 

0.9 

0.8 

0.7 

.6 

5 

1  .1 

0.  9 

0.6 

.6 

.6 

.5 

200  to  300 . 1 

.9 

.8 

.7 

*  .6 

'  5 

!  .3 

.9 

1  .5 

.6 

.5 

.5 

!  300  to  400 . 1 

.9 

.7 

.6 

1  .6 

'  5 

•4  I 

.6 

1 

.6 

.5 

•  1 

i  400  to  500 . 

.8 

.6 

.6 

.6 

5 

.3  ! 

.4 

.4 

..5 

.4 

.5 

500  to  600 . 

.8 

.5 

.5 

i  -5 

4 

.3 

.4 

.  4 

..5 

.  5 

! 

600  to  700 . ' 

.7 

.5 

..5 

.4 

4 

.4 

1  .4 

.4 

.4 

.4 

700  to  800 . 

.  7 

.5 

.4 

1  .4 

4 

i  .4 

1 

.  4 

.  .5 

.  5 

800  to  900 . 

.6 

.5 

.4 

1 

4 

.3 

.4 

.4 

.5 

.5 

900  to  1,000 . 

.6 

.4 

.4 

.3 

4 

.2 

*  .  5 

.4 

1  .4  * 

.4 

.5 

To  reduce  these  results  in  degiecs  F.  per  100  feet  to  degrees  C.  per  100  meters  multiply  by  1.8. 
The  observations  were  made  May  5,  July  12, 17, 23, 24, 28,  August  4,  7, 1800,  and  hence  mostly  in  the 
summer  season.  It  is  seen  that  during  the  day  until  6  o’clock  in  the  afternoon,  with  a  clear  sky,  the 
air  on  the  average  was  in  a  state  of  unstable  equilibrium  up  to  the  height  of  500  feet,  and  nearly 
up  to  the  same  height  with  a  cloudy  sky.  But  near  sunset,  with  a  clear  there  was  no  decrease 
of  temperature  with  altitude  near  the  earth’s  surface,  and  the  results  show  evidently  that  during  the 
night  the  temperature  increased  with  altitude,  owing,  no  doubt,  to  the  rapid  railiation  into  the  clear 
sky.  But  the  observations  indicate  that  this  was  not  the  case  with  a  cloudy  sky,  as  we  would  expect. 

We  have  seen  from  the  preceding  tables  that  the  decrease  of  temperature  for  considerable 
altitudes  is  less  in  winter  than  in  summer,  so  that  near  the  surface  the  difference  must  also  be  veiy 
great,  and  hence  this  table  is  not  applicable  in  the  winter  season. 

29.  The  value  of  is  known  very  nearly  in  some  cases,  but  not  ev(*n  a])proximately  in  many 
others.  Where  an  ascending  current  of  air  has  been  kept  up  for  some  time,  so  that  the  air  at  any 
given  altitude  has  ascended  from  the  earth’s  surface,  and  during  the  same  time  has  not  received  or 
lost  caloric  from  the  primary  causes  mentioned  in  §  24,  we  know  that  J,  must  equal  1^  nearly,  in  the 
case  of  unsaturated  airj  and  in  the  case  of  saturated  air  it  must  have  the  value  given  in  Table  I,  which 
we  may  denote  by  The  same  is  true  if  the  air  has  ascended  from  any  given  altitude  and  no  air  has 
ascended  from  the  strata  beneath  that  altitude.  The  same  is  also  true  in  the  case  of  descending  cur¬ 
rents  under  the  same  limitations.  The  more  rapid  the  ascending  or  descending  current  the  more 
rapidly  J,  approximates  to  the  value  at  any  altitude,  but  reaches  it  first  in  the  lower  strata. 

To  satisfy  the  conditions  of  a  cyclone  it  may  be  necessary  in  some  cases  to  have  ascending  cur¬ 
rents  at  some  altitudes  and  descending  ones  at  others,  but  generally  they  may  be  satisfied  with 
either  ascending  or  descending  currents  throughout  the  whole  height  of  the  atmosphere.  In  this 
case  Jc  comes  to  have  the  value  of  J',  first  at  the  earth’s  surface  in  the  case  of  ascending  currents, 
and  gradually  for  higher  altitudes  becomes  equal  to  but  in  the  extreme  upper  parts  of  the 
atmosphere  may  be  but  little  changed  from  J„  unless  the  vertical  circulation,  which  is  generally 
slow,  should  be  kept  up  for  a  very  long  time. 

Let  us  assume  that  the  atmosphere  is  completely  satuiated  with  vapor,  and  that  there  is  a 
temi>erature  disturbance  due  to  the  primary  causes  of  (t\—t\)  which  is  the  same  at  all  altitudes. 
In  the  initial  state  of  motion  we  should  therefore  have  (J^— JJ=(),  and  hence  the  condition  of  (32) 
satisfied  at  all  altitudes  if  is  positive,  but  that  of  (33),  if  (^'c— t'J  is  negative.  The  initial 

motions,  therefore,  in  the  former  case  are  toward  the  center  below  and  upward  to  the  top  of  the 
atmosphere  in  the  interior  part  of  the  disturbed  area,  and  the  reverse  in  the  latter  case.  Let  us  take 
first  the  case  of  ascending  currents  in  the  interior,  and  suppose  that  these  have  continued  so  long 

*  On  the  Changes  of  Temperature  and  Humidity  of  the  Air  up  to  1,000  feet,  from  observations  mmle  in  the  car  of  M. 
Gifford’s  captiv  e  balloon ;  by  James  Glaisher,  F.  S.,  F.  R.  A.  S.,  &e.  Report  of  British  Association,  1809.  Part  ii,  page  27 
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that  J,  has  come  to  have  the  value  of  J/,  or  nearly,  up  to  the  top  of  the  atmosphere.  Let  us  also 
suppose  that  the  state  of  the  undisturbed  atmosphere,  so  far  as  it  regards  the  rate  of  decrease  of 
temperature  with  the  altitude,  is  the  same  as  the  average  in  GlaisheFs  balloon  ascents  in  clear 
weather  and  that  =  15^.  We  therefore  get  from  Tables  1  and  11  the  values  of  J,  and  J^,  and  of 
P:  P'  in  the  following  table,  corresponding  to  the  altitudes  of  the  first  column : 

Table  V. 


1 

2 

5 

6 

7 

*  1 

9 

1 

1 

11 

12 

13 

Alti¬ 

tude. 

... 

P 

P' 

i 

(Ac-^V) 

i 

(Ac-Ao) 

r  p 

lOy^(Ac-Ao)  lOp, 

1 

« 

! 

Af  10^ 

A..)  ,10p,y^(Ae-Ao) 

Ac 

10y]^(Ac-Ao) 

10p,y^(Ac-Ao) 

Meterg. 

o 

o 

o 

i 

"  1 

o 

o 

o 

o 

o 

500 

O.QS 

0.94 

0. 18 

-0.  20 

-  2.00 

-1.87 

0.50  ! 

-1.80 

-  1.69 

0.80 

4  1.20 

+  1.13 

1,500 

.  .55 

.83 

1  . 53 

-0.02 

2.20 

1.83 

.54 

1.90 

1.58 

.70 

2.  70 

2.24 

2,  500 

.45 

.74 

!  • 

+  0. 12 

-  1.00 

-0.  74 

.55  ! 

-0.  90 

1  -  0.51 

.60 

4.20 

3.20 

3,  500 

.40 

.65 

.62 

0.22 

-f  1.20 

-fO.  78 

.53  1 

+  0.  40 

4  0.26 

.50 

5.20 

1  3.38 

4,500 

.35 : 

.57 

.68 

0.33 

4.50 

2.56 

.48 

1.70 

0.97 

.40 

1 

a25 

5,  500 

.30  1 

..50 

'  .  73 

0.43 

8.80 

4.  40 

1 

2.90 

1.45 

.30 

5.70 

2.85 

6.  500 

.25 

.44 

'  .77 

0.52 

14.  00 

6.  16 

.34 

3.  80 

1.67 

.25 

5.70 

2.  51 

7.  500 

1  . 

.20 

.39 

.84 

1  0.  64 

4  20.  40 

4  7.96 

.  24  , 

1  4.20 

1.64 

_  -Hl2. 58 

0.  20 

5.  70 

2.22 

+  17.  05 

1 

1 

With  these  data  the  computation  of  the  last  number  of  (32)  may  be  carried  out  as  in  the  suc¬ 
ceeding  columns  by  means  of  finite  integrations,  regarding  the  thickness  of  each  stratum  of  1,000 
meters,  for  the  middle  of  w^hich  the  data  are  given,  as  a  unit,  which  requires  the  numerical  coeffi. 
cient  in  (32)  to  be  10  instead  of  The  summation  of  the  seventh  column  to  the  top  of  the 
atmosphere  would  give  the  value  of  the  last  member  of  (32).  If  we  suppose  a  temperature  dis¬ 
turbance  amounting  to  a  difference  of  10^  between  the  central  part  and  exterior  limit  of  the  dis¬ 
turbed  area,  the  value  of  the  first  member  of  (32)  would  be  80  very  nearly,  since  with  our  new  unit 
of  1,000  meters  the  value  of  I  is  very  nearly  8  instead  of  7080.  We  do  not  have  the  data  for  extend¬ 
ing  the  computation  of  Table  V  above  the  altitude  of  8,000  meters,  but  with  any  probable  values  of 
and  J„  for  the  higher  altitudes,  it  is  seen  from  a  mere  inspection  of  the  results  in  the  seventh 
column  that  the  integral  of  this  column,  extended  to  the  top  of  the  atmosphere,  would  be  much 
more  than  80;  in  fact,  that  (32)  would  not  be  satisfied  with  any  reasonable  assumption  of  the 
value  of  (t'^—C). 

We  have  seen  that  any  primary  disturbance  of  the  atmosphere,  represented  by  (t/— t/),  in 
which  is  greater  than  and  the  temperature  gradients  are  the  same  at  all  altitudes,  must  give 
rise  to  cyclonic  disturbances,  in  which  the  currents  of  the  interior  central  part  are  ascending  ones 
to  the  top  of  the  atmosphere,  but  the  preceding  result  shows  that  such  cyclonic  action  cannot 
be  kept  up  indefinitely  with  any  reasonable  amount  of  primary  disturbance,  although  the  ascend¬ 
ing  currents  should  be  continually  supplied  below  with  air  saturated  with  aqueous  vapor.  The 
reason  of  this  is  readily  seen  from  a  general  consideration  of  the  subject  without  conditions 
expressed  by  mathematical  equations;  for  if  the  ascending  currents  have  been  kept  up  long  enough 
to  bring  J,  to  the  value  of  AJ  in  Table  I,  and  there  has  been  no  accession  of  temperature  mean, 
while  from  the  primary  causes,  the  temperature  of  the  air  above  becomes  so  reduced,  and  the  density 
consequently  so  great,  that  tlie  atmospheric  pressure,  even  of  the  lower  strata,  so  far  as  it  depends 
upon  temperature,  becomes  as  great  in  the  interior  as  in  the  exterior  part  of  the  disturbed  area,  and 
then  the  power  of  the  cyclone  and  all  motion  must  cease. 

The  air  is  likewise  cooled  from  expansion  in  horizontal  currents  where  it  passes  from  under  a 
greater  to  a  less  barometric  pressure,  as  from  the  exterior  to  the  interior  of  a  cyclone.  The  change 
of  temperature  from  this  cause  is  a  little  more  than  1^  for  every  10'"'“  of  difference  of  pressure. 

It  does  not  follow,  however,  from  the  preceding  result,  that  the  cyclonic  action  may  not  be  very 
violent  and  kept  up  for  a  considerable  time,  for  the  values  of  may  very  slowly  acquire  such 
values,  especially  in  the  upper  part  of  the  atmosphere,  as  will  make  the  last  member  of  (32)  equal 
to  the  first  one.  If,  after  the  cyclone  has  been  in  action  for  some  time,  we  suppose  that  the  values 
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of  Je  bave  changed  ft'om  their  initial  values  to  those  in  the  eighth  column  of  Table  V,  and 
carry  out  the  computation  upon  this  supposition  as  before,  we  get  the  results  in  the  niuth  column 
instead  of  those  of  the  seventh.  In  this  example  we  get  10y^(  which  is  the  expression  of 

the  amount  of  diminution  of  the  temperature  gradient,  equal  to  4o.2  for  the  upper  or  eighth  stratum 
in  Table  V.  Supposing  ( to  be  equal  to  0  for  the  strata  above,  the  preceding  value  of  4^.2 
remains  constant  for  all  the  strata  above.  We  shall,  therefore,  have  for  the  integral  of  column 
9,  above  the  altitude  of  8,000  meters, 

p  /.  -  "•> = p  “  “  ‘  p = 

in  which  P"  is  the  barometric  pressure  at  the  altitude  of  8,000  meters.  With  this  value  in  column 
9  the  summation,  commencing  at  the  earth’s  surface  or  at  any  altitude  above  it,  gives  a  value 
for  the  last  member  of  (32)  which  satisfies  it  for  more  than  the  lower  half  of  the  atmosphere  if 
(t\  —  is  70.5  or  more,  and  hence  we  have  the  conditions  which  will  produce  or  keep  up  ascend¬ 
ing  currents  to  the  top  of  the  atmosphere.  The  summation  from  the  earth’s  surface  of  the  tenth 
column  gives  14.63  for  the  v^lue  of  the  last  member  of  (32).  This  is  less  than  the  first  member  when 
(t'c  — 1\)  is  1^.8  or  more,  and  hence  the  conditions  of  (32)  are  satisfied  at  the  surface.  For  the 
altitude  of  6,000  meters  we  get  from  the  summation  of  ^e  tenth  column  above  that  altitude  15.89. 
But  for  the  altitude  of  6,000  meters  we  must  have  P''  the  pressure  at  that  altitude  instead  of  P'. 
Hence  we  must  divide  this  by  P' :  P"  =  0.47  in  order  to  get  the  true  integral  in  this  case.  We 
thus  get  34,  which  satisfies  (32)  when  =  4o.5.  With  this  value  for  all  the  strata  above 

8,000  meters  we  have  P  =  0,  and  hence  we  must  have  the  condition  of  (30)  satisfied  with  a  value 
less  than  4^.3  and  for  any  value  greater,  and  consequently  ascending  currents  to  the  top  of  the 
atmosphere,  but  with  a  temperature  disturbance  due  to  the  primary  causes  corresponding  to 
(t'c — t'o)  =  50,  or  a  little  more,  the  two  members  of  (32)  are  so  nearly  equal  that  the  cyclone  has 
very  little  power  left,  as  may  be  seen  from  (31),  for  the  power  of  the  cyclone  depends  upon  the 
values  of  D^P  for  the  lower  strata.  If,  however,  (t'^  —  is  equal  say  to  10^  or  more,  the  cyclone 
still  has  great  power,  and  must  continue  until  acquires  such  values  for  the  different  strata  as 
will  make  the  last  member  of  (32)  equal  to  the  first,  when  the  power  of  the  cyclone  is  gone. 

The  condition  that  a  cyclone  must  be  perpetual  with  any  given  amount  of  primary  disturbance 
is  that  the  last  member  of  (32)  is  less  than  the  first  when  has  acquired  its  extreme  value  J',, 
which  is  that  of  Table  I  in  the  case  of  saturated  air,  but  which  in  the  case  of  dry  air  is  1^.  We 
have  seen  in  the  results  of  the  first  part  of  Table  lY  that  with  the  values  of  given  by  Glaisher’s 
balloon  ascents,  the  cyclone  could  not  be  perpetual  without  an  unreasonably  large  value  of 
(tf^  —  the  exact  value  being  unknown  on  acxiount  of  the  uncertainty  of  the  integral  of  the  sev¬ 
enth  column  for  the  upper  strata.  It  is  re^ily  seen  from  an  inspection  of  the  formula  and  its  com¬ 
putation  in  Table  Y  that  the  greater  the  values  of  the  greater  the  ]>ower  of  the  cyclone  and  the 
longer  it  must  continue  in  action  before  the  values  of  become  so  great  as  to  destroy  the  condi¬ 
tion  of  (32),  and  also  the  less  the  amount  of  primary  disturbance  required  to  make  it  perpetual. 

But  since  the  balloon  ascents  gave  very  different  values  of  at  different  times  the  atmos¬ 
phere  is  no  doubt  in  a  state  frequently  when  the  values  of  are  much  greater  than  the  average, 
which  are  the  values  used  in  the  preceding  example,  and  then  the  power  of  the  cyclone  would  be 
much  greater  with  the  same  amount  of  disturbance  due  to  the  primary  causes,  and  would  be  kept 
longer  in  action,  and  perhaps  would  become  pcq)etual  for  ordinary  amounts  of  primary  tempera¬ 
ture  disturbance  if  this  could  continue  unchanged. 

It  should  be  borne  in  mind  here  that  the  theory  assumes  that  the  gradient  of  primary  dis¬ 
turbance  of  temperature  remains  the  same  above  as  below,  and  consequently  that  the  very  cold  air 
of  the  upper  part  of  the  ascending  currents  does  not  receive  any  caloric,  meanwhile,  from  any  of 
the  primary  causes  of  disturbance  of  temperature.  If  they  do,  of  course  the  power  of  the  cyclone 
is  greater  and  is  kept  up  a  longer  time,  and  the  cyclone  would  become  perpetual  with  a  less  value 
of  —  t'o)>  which  is  the  amount  of  temperature  disturbance  at  the  earth’s  surface. 

It  is  seen  from  Table  UI  that  the  values  of  at  least  for  the  lower  strata  of  the  atmosphere, 
are  greater  in  summer  than  in  winter,  and  from  Table  I  that  the  values  of  ar©  less  in  summer 
than  in  winter.  Hence  the  conditions  for  cyclonic  disturbances,  for  both  reasons,  are  more  favor- 
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able  in  the  former  than  in  the  latter  sea^soii.  If  were  equal  to  J'„  the  limiting  value  of 
the  condition  of  (32)  would  be  satisfied  for  any  value  of  — 1\)  however  small;  for  then  the  last 
member  of  (32)  could  not  acquire  any  value,  but  must  remain  equal  to  0.  When  is  greater  than 
J'^,  we  have  the  state  of  unstable  equilibrium  in  which  — 1\)  may  be  almost  infinitely  small 
or  even  equal  to  0,  provided  there  is  merely  an  instantaneous  impulse  to  give  origin  to  an  upward 
current.  For  in  this  case  the  initial  value  of  gradually  approximates  to  its  extreme  and 

final  value  and  in  doing  so  gives  to  the  last  member  of  (32)  a  negative  and  increasing  value,  so 
that  after  once  receiving  the  first  impulse,  the  condition  of  (32)  is  satisfied  and  continues  so  with 
=  0,  and  the  cyclonic  disturbance  is  perpetual  as  long  as  is  greater  than  Of 
course,  after  a  long  continuance,  these  conditions  would  be  changed,  and  would  come  to  have 
the  value  of  A' ^  from  the  effect  of  the  very  gradual  descent  of  the  air  in  the  surrounding  and  com¬ 
paratively  undisturbed  portions  of  the  atmosphere,  in  order  to  supply  the  upper  currents  in  the 
interior,  and  then  a  state  of  static  equilibrium  would  take  place. 

Where  the  air  of  the  as(*ending  cuiTeuts  is  not  saturated  with  aijueous  vapor,  other  things 
remaining  the  same,  the  conditions  for  cyclonic  disturbances  are  less  favorable,  for  then  the  value 
of  to  which  the  values  of  approximates  and  finally  rea(ihes  isl^in  the  lower  strata,  instead  of 
the  values  in  Table  I.  If  the  temperature  of  the  dew-point  were  10^  below  that  of  the  air,  then 
the  air  would  have  to  ascend  1,000  meters  before  condensation  would  take  place,  and  before  we 
should  have  the  values  in  Table  I  for  A\.  It  is  readily  seen  from  an  inspection  of  the  mathemat¬ 
ical  expression  in  (31 )  that  the  power  of  the  cyclone  is  weakened  with  increased  values  of  J^,  and 
from  (32)  and  the  computation  of  its  last  member  in  Table  IV  that  the  conditions  of  the  cyclone 
are  destroyed  in  a  shorter  time,  since  increases  with  the  continuance  of  the  ascending  currents. 
In  this  case  we  should  have  for  the  lower  stratum  in  the  comimtations  of  Table  IV,  instead 

of  00.48  in  the  first  example  and  0o.50  in  the  second,  and  the  same  for  the  second  stratum  if  the 
temperature  of  the  dew-point  wore  2(P  below  that  of  the  air. 

In  this  case  since  the  diminution  of  temperature  or  value  of  J,  in  the  ascending  current  up  to 
where  the  vapor  is  condensed  into  cloud  approximates  to  that  of  lo,  it  consequently  soon  becomes 
larger  than  A,  under  all  usual  circumstances,  especially  immediately  under  the  cloud  where  the 
ascending  cun’ents  are  more  rapid  than  nearer  the  earth ^s  surface,  and  hence  since  cloud  is  mostly 
formed  by  ascending  currents,  the  value  of  A^  under  a  cloud  must  generally  be  greater  than  in  the 
suiTOunding  parts  where  there  are  very  gentle  descending  currents,  and  consequently  clear  weather. 
Hence  in  Cilaisher\s  balloon  ascents  the  rate  of  diminution  of  temperature  at  an  altitude  from  two 
to  three  thousand  feet,  whi(*h  may  be  sui)posed  to  have  been,  on  the  average,  under  the  base  of 
the  cloud,  was  for  cloudy  weather  0<^.73,  while  for  clear  weather  it  was  only  0'^.55,  as  seen  in  Table 
II,  §  28. 

In  the  case  of  a  perfectly  dry  air  we  should  have  the  final  values  of  for  all  the  stinta 

to  the  top  of  the  atmosphere,  and  hence,  after  a  short  continuance  of  the  cyclone,  unless  the  pri¬ 
mary  disturbance  was  very  great,  the  cyclone  would  have  little  power  left,  or  a  state  of  complete 
static  equilibrium  would  take  plac^.  It  is  seen  from  Table  IV  that  if  we  were  to  use  A,~  for 
the  greater  part  or  all  of  the  strata  instead  of  the  values  in  column  second,  the  integral  of  column 
seventh  to  the  top  of  the  atmosphere  would  be  very  great,  and  hence  the  value  of  the  last  meml)er 
of  (32)  in  this  case  would  be  very  great,  and  the  condition  of  the  cyclone  would  not  be  satisfie<l 
except  with  a  value  of  (f ,  —  //„)  enormously  greater  than  in  the  case  of  saturated  air. 

If  —  is  negative,  we  have  the  condition  which  gives  rise  to  a  cyclone  with  a  cold  center 
and  descending  currents  in  the  interior.  The  condition  which  must  be  satisfied  in  this  case  is  that 
of  (33),  which  is  the  same  as  that  of  (32)  if  we  take  (f^  —  ^'«)  without  regard  to  sign.  In  this  case, 
however,  we  have  J',  =  for  all  the  strata,  whether  the  air  be  saturated  or  uusatuiated  at  the 
start;  for,  if  saturated,  on  account  of  the  descent  of  the  currents  in  the  interior,  it  at  once  becomes 
unsaturated.  Hence  all  that  has  been  stated  with  regard  to  cyclones  with  wai*m  centers  aiul  as¬ 
cending  currents  in  the  interior,  in  the  case  of  perfectly  dry  air,  is  applicable  in  this  case.  Cyclones, 
therefore,  of  this  sort  have  comi)aratively  little  power  and  require  a  large  amount  of  temperatuie 
disturbance  due  to  the  primary  causes  to  keep  them  long  in  action,  and  especially  to  satisfy  the 
condition  of  a  perpetual  cyclone,  supposing  the  amount  of  primary  disturbance  to  remain  unchanged. 

So  far  we  have  considered  the  temperature  disturbance  due  to  the  primary  causes  as  being  the 
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same  at  all  altitudes,  and  hence,  in  the  initial  state  of  cyclonic  disturbance,  that  Jc  =  This, 
as  is  readily  seen  from  (32)  and  (33),  gives  initial  ascending  currents  from  the  bottom  to  the  top  of 
the  atmos])here  where  — 1\)  is  positive,  and  the  reverse  where  it  is  negative.  We  shall  now 
assume  a  case  in  which  the  rate  of  diminution  of  temperature  due  to  the  primary  causes  is  not  the 
same  in  the  central  and  exterior  part  of  the  disturbed  area,  and  in  which,  consequently,  the  initial 
values  of  J,  are  not  equal  to  those  of  If  we  assume  the  values  in  column  11,  Table  V,  for 
those  of  the  initial  values  of  J,  in  this  case,  still  using  the  values  of  in  column  two,  deduced  from 
Glaisher’s  balloon  ascents,  and  carry  out  the  computation  as  in  the  other  examples,  we  get  column 

12  for  the  amount  of  diminution  of  —  for  the  middle  of  the  several  strata,  which  in  this 
case  in  the  initial  state  is  not  constant  and  the  same  as  {V^  — 1'«)  at  the  earth’s  surface.  In  column 

13  are  the  numbers  of  which  the  summation  to  the  top  of  the  atmosphere  is  the  value  of  the  last 
member  of  (32).  The  number  17.05  is  the  summation  of  the  strata  above  8,000  meters  of  altitude 
obtained  as  in  the  last  example,  since  with  the  assumed  values  of  and  I0yi(^c  —  ^o)  is  a  con¬ 
stant  above  that  altitude,  and  even  above  the  fifth  stratum.  If  we  assume  that  the  temperature 
gradients  remain  undisturbed  above  the  fifth  stratum,  and  that  the  primary  disturbances  of  temper¬ 
ature  are  confined  to  the  strata  below,  we  must  put  —  t'^)  =  5.70,  which  with  the  value  of  Z  =  8 
gives  the  first  member  of  (32)  equal  to  45.60.  The  summation  of  column  13  gives  37.83.  Hence 
the  condition  of  (32)  is  satisfied  at  the  earth’s  surface.  It  is  also  readily  seen  that  (30)  is  satisfied 
in  this  case,  since  above  the  fifth  stratum  we  have  D^P  =  0,  or  the  last  member  of  (32)  equal  to 
the  first,  but  below  that  less  than  the  first.  Hence  the  currents  are  ascending  ones  in  the  interior 
to  the  top  of  the  atmosphere. 

If  in  this  example  the  atmospheric  disturbance  extended  to  a  very  small  altitude,  it  is  readily 
seen  that  the  value  of  the  last  member  of  (32)  would  be  so  nearly  equal  to  the  first  that  we  should 
have  the  value  of  D^P  for  all  the  strata  so  small  that  the  cyclone  would  have  very  little  x>ower, 
and  there  would  be  only  very  feebly  ascending  currents,  as  already  pointed  out  in  §  27,  although 
(Z'e  —  Z' J  might  be  large. 

It  is  seen  from  what  precedes  that  aU  cyclonic  disturbances  of  the  atmosphere  depend  upon 
the  temperature  disturbances  due  to  the  primary  causes,  and  that  without  these  there  is  no  disturb¬ 
ance  of  static  equilibrium.  After  the  initial  cyclonic  motions  due  to  the  primary  causes  have  once 
set  in,  the  secondary  causes  of  temperature  disturbance  are  called  into  play,  which,  as  a  whole,  are 
antagonistic  to  the  primary  disturbances,  except  in  the  case  of  unstable  equilibrium,  and,  unless 
the  latter  are  very  great,  may  entirely  counteract  them,  after  which  static  equilibrium  again  takes 
place.  The  more  nearly  the  atmosphere  is  in  a  state  of  unstable  equilibrium,  that  is,  the  more 
nearly  equals  all  the  strata,  the  less  is  the  counteracting  infiuence  of  the  temperature  dis¬ 
turbances  due  to  the  secondary  causes.  The  caloric  arising  from  the  condensation  of  the  aqueous 
vapor  diminishes  by  reducing  it  from  the  values  of  to  the  value  in  table  I,  and  hence 

puts  the  atmosphere  in  a  state  of  unstable  equilibrium  with  a  smaller  value  of  J*,?  and,  for  any  given 
value  of  Jo  less  than  those  of  J^  in  Table  I,  gives  the  cyclone  more  power.  The  eftect  of  the  cold 
of  expansion,  or  loss  of  sensible  caloric,  in  the  ascending  currents  is  opposed  to  that  arising 
from  the  primary  disturbances,  but  the  latent  caloric  set  free  in  the  condensation  of  the  aqueous 
vapor  in  part  replaces  the  loss  of  sensible  caloric  by  expansion,  more  than  one-half  generally,  as 
is  seen  from  Table  I,  and  hence  diminishes  the  counteracting  effect  of  the  loss  of  sensible  caloric 
from  expansion  of  the  air.  The  condensation  of  aqueous  vapor,  theiefore,  plays  an  important  part 
in  cyclonic  disturbances,  but  is  by  no  means  either  a  primary  or  a  principal  cause  of  cyclones. 

30.  In  a  cyclonic  system  with  a  warm  center,  we  have  seen  that  the  air  ascends  in  the  central 
part,  or  cj^clone,  and  descends  in  the  anti  cyclone.  Since,  therefore,  in  ascending  currents  of  only 
partially  saturated  air  the  vapor  must  be  condensed  to  cloud  at  a  height  greater  or  less  according 
to  the  dew-point  of  the  air,  and  in  descending  currents  there  is  no  condensation  of  vapor  but  the 
vapor  already  condensed  into  cloud  is  evaporated,  it  is  evident  that  cyclonic  areas,  in  general,  are 
those  of  cloud  and  rain,  and  anti-cyclonic  those  of  clearing  and  clear  weather.  Of  course  it  is  not  to 
be  supposed  that  these  areas  correspond  with  each  other  with  much  accuracy  either  in  form  or 
extent.  The  cloud  of  the  ascending  part  of  the  atmosphere  may  be  carried  by  the  outward  upper 
currents  over  into  the  anti  cyclone  area  before  it  falls  as  rain  or  is  evaporated  again  in  the  descend¬ 
ing  currents  of  the  anti-cyclone. 

S.  Ex.  13 - 26 
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Cloud  is  generally  formed  in  ascending  air  only,  so  that  the  initial  cloud  particles,  or  extremely 
fine  drops  of  rain,  are  at  first  still  carried  upward  by  the  ascending  current,  the  smaller  ones  faster 
than  the  larger  ones,  until  by  meeting  in  being  carried  by  one  ano  ther  and  agglomerating  they 
become  too  heaw^^  to  be  sustained  by  the  upward  current,  for  the  larger  the  drop  the  stronger  the 
current  required  to  keep  it  up.  It  then  commences  to  deseend,  but  still  grows  from  meeting  with 
smaller  ascending  particles  in  its  descent.  If  the  upward  current  is  very  strong  the  drops  are 
carried  very  high  before  they  begin  to  descend,  and  then,  having  a  long  distance  of  dense  cloud  to 
fall  through,  they  may  become  very  large  before  they  reach  the  base  of  the  cl  oud  and  the  earth. 

Where  the  ascending  current  is  very  gentle,  the  small  particles  or  drops  may  be  so  small  when 
they  have  <lescended  to  the  base  of  the  cloud  that  they  have  evaporated  before  reaching  the  earth, 
and  in  such  cases  no  rain  falls  to  the  earth. 

In  a  cyclonic  system  with  a  cold  center  no  rain  or  cloud  can  be  formed  in  the  cyclone,  since 
the  air  is  gradually  descending,  but  if  there  is  cloud  or  rain  it  must  be  in  the  anti  cyclone.  In  the 
two  great  examples  of  this  kind,  embracing  the  northern  and  southern  hemispheres  of  the  globe, 
§  23,  the  cloudy  and  rainy*  parts  are  the  outer  limits  of  the  anti  cyclones,  which,  falling  together, 
form  the  equatorial  rain-belt  of  the  globe.  Of  course  this  is  to  be  understood  only  of  the  general 
motions  of  the  systems,  and  not  of  those  depending  upon  minor  local  disturbances.  There  is  much 
rain  in  the  higher  latitudes  of  both  hemispheres,  but  this  arises  from  the  local  cyclonic  disturb¬ 
ances,  which  are  cyclones  within  the  great  hemispheric  systems  of  cyclones,  and  their  conditions 
form  no  part  of  those  of  the  general  system  in  which  local  disturbances  of  temperature  are  not 
taken  into  account. 

31.  So  far  we  have  regarded  the  forces  depending  upon  the  earth’s  rotation  as  being  equal  on 
*11  sides  of  the  cyclone,  and  so  have  used  the  approximate  equations  (1)  in  which  the  polar  dis¬ 
tance  of  the  center  of  the  cyclone,  is  put  for  which  is  the  polar  distance  of  each  part  of  the 
cyclone.  The  expression  of  the  accelerating  force,  in  the  direction  of  r,  depending  upon  the  earth’s 
rotation  is  2  nv  cos  in  which  v  is  the  gyratory  linear  velocity  around  the  center.  Kow,  on  the 
polar  side  of  the  cyclone,  where  cos  d  is  larger,  this  force  is  greater  than  on  the  equatorial  side  where 
cos  d  is  smaller.  The  polar  components,  then,  of  these  radial  forces  on  the  polar  side  of  the  cyclone 
are  greater  than  the  equatorial  components,  in  the  contrary  direction,  of  the  equatorial  side,  and 
hence  there  is  a  greater  force  on  the  polar  side  of  the  cyclone,  arising  from  the  earth’s  rotation, 
causing  pressure  toward  the  poles,  than  on  the  other,  causing  pressure  toward  the  equator.  The 
resultant,  therefore,  of  all  the  forces,  of  every  part  of  the  cyclone,  tends  to  drive  it  toward  the  pole. 

The  residual,  or  neglected  part,  of  this  force,  for  any  part  of  the  cyclone,  in  the  preceding 
theory,  is  2  nv  (cos  d  —  cos  v  ).  This  being  resolved  into  components  in  the  direction  of  the  meridian 
and  perpendicular  to  it,  we  get  for  the  coipponent  of  force  toward  the  pole  2  nv  (cos  6  —  cos  cos  f , 
in  which  <p  is  the  angle  expressing  the  bearing  of  each  particle  from  the  direction  of  the  pole.  On 
the  polar  side  of  the  cyclone  d  is  less  than  and  hence  (cos  d  —  cos  «/0  is  positive,  and  likewise 
cos  On  the  equatorial  side  both  are  negative.  Hence  for  all  parts  of  the  cyclone,  2  nv  (cos  d  — 
cos  »/')  cos  which  expresses  the  polar  components  of  the  neglected  forces  depending  upon  the 
neglected  terms,  is  positive,  and  hence  the  integration  of  this  force  for  all  parts  of  the  cyclone  gives 
a  force  which  tends  to  drive  it  toward  the  pole,  as  stated  above. 

Since  v  in  the  above  term  is  negative  in  the  anti  cyclone,  of  course  the  effect  of  the  neglected 
terms,  in  the  preceding  treatment  of  cyclones,  is  to  drive  it  toward  the  equator,  so  that  there  is  a 
tendency  of  the  cyclone  to  cut  its  way  through  the  anti  cyclone,  but  on  account  of  the  comparatively 
small  gyratory  velocities  in  the  anti  cyclone  the  forces  in  this  case  for  any  given  particle  of  air  are 
much  less,  in  general,  than  in  the  cyclone. 

As  the  cyclone  has  a  tendency  to  cut  its  way  through  the  anti-cyclone,  and  the  atmosphere 
generally,  and  move  toward  the  pole,  and  the  condensation  of  aqueous  vapor  and  the  whole  power 
of  the  system  are  contained  mostly  within  it,  the  tendency  is  for  the  whole  cyclonic  system,  of  both 
cyclone  and  anti-cyclone,  to  be  drawn  toward  the  pole,  in  case  it  is  not  confined  by  definite  limits 
but  is  free  to  assume  a  progressive  motion  through  the  surrounding  atmosphere.  Of  course  it  is 
not  to  be  supposed  that  the  cyclone,  in  its  progressive  motion,  contains  at  all  times  the  same  air, 
but  rather  that  new  portions  of  the  air  are  being  continually  drawn  into  circulation  on  the  polar 
side,  where  the  forces  depending  upon  the  earth’s  rotation  are  strongest,  and  that  on  the  equatorial 
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side,  where  these  forces  are  weakest,  other  portions  are  being  continually  brought  to  rest  by  means 
of  friction,  and  cease  to  be  a  part  of  the  system,  as  the  cyclone  moves  on  toward  the  pole. 

Since  the  force  which  tends  to  drive  the  cyclone  toward  the  pole,  as  seen  above,  is  as  (cos  d  — 
cos  vO,  it  is  evident  that  this  force,  everything  else  being  the  same,  is  greater  in  low  than  in  high 
latitudes,  since  (cos  8  —  cos  V')  is  a  maximum  at  the  equator  and  vanishes  at  the  poles. 

32.  It  often  happens  that  the  conditions  of  a  smaller  cyclone,  or  even  several  of  them,  are  con¬ 
tained  within  the  limits  of  a  larger  one.  The  isobars  then,  which  in  a  perfectly  regular  cyclone 
are  circular,  become  very  irregular.  The  contained  cyclone  may  be  such  as  to  give  two  points  of 
minimum  barometric  pressure,  or  it  may  simply  produce  derangements  in  the  regularity  of  the 
isobars.  When  the  isobars  become  more  crowded,  and  consequently  the  barometric  gradients 
steeper,  the  velocities  are  likewise  greater,  for  in  sucl^laces  the  velocities  of  the  larger  and  smaller 
cyclone  are  in  the  same  direction.  Where  the  isobars  are  further  apart,  and  gradients  consequently 
smaller,  the  velocities  are  also  smaller,  since  then  the  velocities  are  in  contmry  directions  and 
partially  neutralize  each  other. 

Fig.  4  represents  the  effect  upon  the  isobars  and  directions  of  the  wind  of  smaller  cyclones 
contained  in  larger  ones.  In  the  one  on  the  left  the  depression  was  not  sufficient  to  give  rise  to  a 
secondary  center  of  low  barometer,  but  merely  to  cause  considerable  derangement  in  the  isobars, 
crowding  them  together  on  the  one  side  and  widening  them  on  the  other,  and  changing  somewhat 
the  directions  of  the  wind.  The  one  on  the  right  produces  a  secondary  center  with  the  wind  blow¬ 
ing  around  it,  but  with  much  greater  velocity  on  the  right  side,  where  the  directions  of  the  currents 
of  both  cyclones  coincide,  than  on  the  other  side  where  the  gyratory  velocity  of  the  smaller  cyclone 
is  but  a  very  little  greater  than  the  velocity  there  of  the  principal  one  in  the  contrary  direction. 
The  annulus  of  high  barometer  of  the  larger  cyclone  is  increased  in  height  in  an  irregular  manner 
by  those  of  the  smaller  ones  falling  somewhat  upon  it.  Of  course  there  are  generally  many  other 
disturbances  combined  with  these  to  disturb  the  regularity  of  the  isobars. 

Since  the  equations  expressing  the  conditions  of  a  cyclone  are  not  strictly  linear  equations, 
especially  so  far  as  the  centrifugal  force  of  the  gyrations  is  concerned,  each  set  of  conditions  taken 
separately  does  not  give  results  which,  when  combined,  are  precisely  the  same  as  the  combined 
conditions  would  give,  if  the  equations  expressing  them  could  be  solved.  The  formula  (16),  therefore, 
showing  the  relation  between  the  barometric  gradient  and  the  velocity  of  the  wind,  in  some  meas¬ 
ure  fails  when  there  is  an  interference  of  cyclones,  especially  when  the  centrifugal  forces  are  great 
and  the  radii  of  curvature  of  the  isobars  small.  In  such  cases,  however,  the  formula  is  applicable 
without  material  error  if  we  use  the  radius  of  curvature  of  the  distorted  isobar  for  the  radius  of 
the  cyclone,  r,  in  the  formula. 

Generally  two  or  more  cyclones  encroach  upon  or  overlap  one  another.  Fig.  5  represents  the 
forms  of  the  isobars  where  two  cyclones,  or  rather  cyclonic  systems,  of  equal  area  and  depression, 
such  as  represented  in  Fig.  1,  overlap  in  such  a  manner  that  the  cyclones  touch,  and  each  one  is 
partly  overlapped  by  the  anti  cyclone  of  the  other.  The  effect  is  an  area  of  higher  barometer 
than  that  of  any  part  of  the  cyclones  taken  separately,  with  the  winds  blowing  somewhat  around 
the  place  of  the  maximum,  but  it  is  seen  that  in  such  cases  the  isobars  are  by  no  means  circular, 
but,  rather,  that  such  areas  of  high  barometer,  especially  when  caused  by  the  overlapping  of  more 
than  two  cyclones,  often  require  lines  with  somewhat  acute  angles,  or  at  least  with  very  short  curves 
to  represent  the  isobars.  Of  course,  in  the  real  cases  of  nature,  any  sharp  angles  given  by  theory 
upon  assumed  regular  conditions,  are  very  much  rounded  off  by  various  abnormal  disturbances. 

If  we  combine  the  conditions  of  the  two  cyclones  in  such  cases  in  which  the  temperature 
gradients  are  such  as  given  by  the  assumed  form  of  (24),  we  do  not  get  an  area  of  maximum  cold 
corresponding  to  the  maximum  barometric  height,  but  one  in  which  the  temperature  decreases  fr:om 
the  point  of  highest  barometer  each  way  toward  the  centers  of  the  cyclones,  and  increases  in 
each  direction  from  the  same  point  perpendicular  to  the  line  joining  the  centers.  An  area  of  high 
barometer  is  not,  therefore,  necessarily  one  of  maximum  cold. 

Such  areas  of  high  barometer  are  usually  called  anti  cyclones,  and  the  air  does  in  some  manner 
move  around  them  in  a  direction  contrary  to  that  of  a  cyclone,  but  this  does  not  arise  from  a  cen¬ 
tral  area  of  greater  cold,  for  it  has  been  shown  that  such  a  condition  would  give  rise  to  a  cyclone 
and  not  to  an  anti-cyclone,  and  that  the  latter  would  be  entirely  at  variance  with  fundamental  and 
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well-established  principles  of  mechanics.  The  areas  of  high  barometer,  theoretically,  are  not  circu¬ 
lar,  and  neither  the  gradients  nor  the  motions  around  them  on  the  different  sides  are  symmetrical, 
and  they  are  not  anti  cyclones  in  any  proper  sense  of  the  term. 

33.  So  far  we  have  regarded  the  cyclones  as  existing  in  an  atmosphere  ha\ing  no  motions 
except  those  belonging  to  the  cyclones.  But  on  account  of  the  general  motions  of  the  atmosphere, 
treated  of  in  the  first  part  of  these  researches,  cyclones  usually  occur  in  an  atmosphere  having  a 
general  motion  independent  of  those  of  the  cyclone  itself.  In  order,  therefore,  to  have  the  true 
motions  relative  to  the  earth^s  surface,  we  must  take  the  resultant  of  the  two  motions.  In  the 
middle  and  higher  latitudes  of  the  northern  hemisphere  the  general  or  normal  motion  of  the  air  is 
from  the  west  or  southwest.  In  a  cyclone  in  these  latitudes  this  motion  of  the  air  coincides  with 
that  of  the  southern  side  of  the  cyclone,  and  increases  the  motion  relative  to  the  earth’s  surface, 
but  on  the  northern  side  it  is  in  the  contrary  direction,  and  counteracts  in  some  measure  that  of  the 
cyclone,  or  it  may  even  entirely  destroy  it.  On  the  east  or  northeast  side  of  the  cyclone  and  its 
opposite,  this  general  motion  from  the  west  or  southwest  would  have  little  effect  upon  the  velocity 
relative  to  the  earth’s  surface,  but  would  affect  mostly  the  inclination^  that  is,  the  angle  between 
the  tangent  to  the  isobar  and  the  direction  of  the  wind,  decreasing  it  on  the  east  or  northeast  side 
of  the  cyclone  and  increasing  it  on  the  west  or  southwest  side. 

In  the  latitude  of  the  trade-winds,  where  the  general  or  normal  direction  is  from  the  east  or 
northeast,  the  reverse  takes  place,  so  that  the  velocities  of  the  air  belonging  to  the  cyclone  are 
diminished  or,  it  may  be,  entirely  destroyed  by  the  general  or  normal  motion  on  the  south  side  of 
the  cyclone,  but  increased  on  the  north  side.  The  effect  upon  the  inclination  is  in  this  case  likewise 
reversed,  being  increased  on  the  east  or  rear  side  and  decreased  on  the  opposite  side. 

Since,  as  we  have  seen  in  §  23,  the  general  motions  of  the  atmosphere  form  two  great  systems 
of  cyclone  and  its  corresponding  anti  cyclone,  all  ordinary  cyclones  are  simply  cyclones  within  a 
cyclone,  so  that  all  that  has  been  stated  in  §  32  with  regard  to  smaller  cyclones  within  ordinary 
cyclones  is  applicable  here  to  ordinary  cyclones  with  reference  to  the  general  motions  of  the  atmos¬ 
phere.  Hence  the  isobars  of  cyclones,  as  laid  down  upon  the  charts,  are  the  resultants  generally 
of  two  or  more  systems  of  cyclones  contained  within  or  encroaching  upon  one  another,  and  to 
have  the  isobars  belonging  to  any  one  system  it  would  be  necessary  to  eliminate  the  effects  of 
the  others.  The  isobars  of  all  ordinary  cyclones  are  therefore  affected  generally  by  the  isobars 
belonging  to  the  general  motions  of  the  atmosphere,  as  well  as  by  the  smaller  class  of  cyclones 
which  may  be  contained  within  the  ordinary  ones. 

34.  The  progressive  motion  of  a  cyclone  depends  mostly  upon  the  general  motions  of  the 
atmosphere,  but  also  upon  the  tendency  of  tlie  cyclone  to  press  toward  the  pole,  as  explained  in  §  32. 
In  the  trade-wind  latitudes  the  wind  at  the  earth’s  surface  is  westward,  or  at  least  has  a  large 
westerly  component,  and  hence  the  cyclones  in  these  latitudes  are  carried  westward  by  this  westward 
motion  of  the  air,  especially  at  certain  seasons,  and  having  likewise  a  tendency  toward  the  pole  the 
resultant  of  the  two  is  a  westward  motion,  inclined  a  little  toward  the  poles,  or  in  the  northern 
hemisphere  a  motion  about  WNW.  After  having  arrived  at  the  parallel  of  30^  or  35®  in  the 
tropical  calm-belt,  where  there  is  no  westward  motion,  the  progressive  motion  is  a  polar  one  mostly, 
but  after  progressing  still  nearer  the  pole,  into  the  middle  and  higher  latitudes,  the  general  east¬ 
ward  motion  of  the  atmosphere  here,  which  is  great  in  the  upper  regions,  carries  now  the  cyclone 
toward  the  east,  and  the  direction  of  the  progressive  motion,  which  is  usually  about  ENE.,  is  the 
resultant  of  this  eastward  motion  and  the  motion  toward  the  pole.  All  well-developed  cyclones, 
therefore,  having  their  origin  near  the  equator,  have  mostly  a  progressive  motion  represented  by 
a  curve  somewhat  in  the  form  of  a  parabola,  having  its  vertex  in  the  tropical  calm-belt  at  the  par¬ 
allel  of  300  or  350, 

Both  the  progressive  velocities  and  directions,  however,  are  very  different  in  individual  cases, 
so  that  there  must  be  other  strong  modifying  influences,  and  perhaps  among  these  the  principal 
are  the  distribution  of  the  aqueous  vapor  and  the  positions  of  the  general  isothermal  lines.  The 
equatorial  side  of  a  cyclone  is  generally  warmest  and  contains  the  most  aqueous  vapor.  As  the 
air  containing  this  vapor  is  carried  around  to  the  east  and  ascends,  it  becomes  colder  both  from 
its  ascent  to  higher  altitudes  and  from  its  being  carried  into  higher  latitudes,  so  that  the  vapor 
which  it  contains  is  mostly  condensed  on  the  east  or  northeast  side  of  the  cyclone.  As  the  power 
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of  the  cyclone  is  much  increased  by  the  latent  heat  of  the  vapor  given  out  by  condensation,  this 
gives  rise  to  a  tendency  to  form  a  new  center  of  a  cyclone  continually  in  advance  of  the  old  one, 
so  that  the  progressive  motion  of  the  cyclone  is  rather  a  continual  forming  of  new  cyclones,  at 
least  so  far  as  the  lower  part  of  the  atmosphere  is  concerned,  in  the  direction  in  which  the  vapor 
of  the  cyclone  is  mostly  condensed.  Hence  the  velocity  of  the  progressive  motion  is  generally 
much  greater  than  that  of  the  general  motion  of  the  atmosphere  below.  The  further  around  the 
vapor  is  carried  before  it  is  condensed,  the  more  it  will  incline  the  direction  of  the  progressive  mo¬ 
tion  from  the  east  toward  the  pole.  If  it  should  not  be  carried  around  as  far  as  the  east  before  it 
is  mostly  condensed,  it  inclines  the  progressive  motion  from  the  east  toward  the  equator.  If  the 
isotherms  should  vary  much  from  the  parallels  of  latitude  this  also  might  have  considerable  effect, 
so  that  if  they  extended  from  SW.  to  NE.,  the  progressive  motion  would  be  more  inclined  toward 
the  poles  than  they  would  be  if  they  extended  from  NW.  to  SE. 

These  ^iews  with  regard  to  the  effect  of  the  unequal  d^tribution  of  vapor  upon  the  direction 
of  the  progressive  motions  of  cyclones  was  first  given  by  Rev.  W.  Clement  Ley.  (Laws  of  the 
Wind,  chap,  vi.) 

35.  In  the  general  motions  of  the  atmosphere  the  eastward  motion,  especially  in  the  middle 
latitudes,  is  much  greater  in  the  upper  regions  than  near  the  earth’s  surface,  and  increases  in  pro¬ 
portion  to  the  altitude,  as  may  be  seen  from  Table  XI,  §  43,  of  the  first  pai  t  of  these  Researches, 
and  this  is  especially  the  case  in  the  northern  hemisphere  in  the  winter  season,  in  which,  according 
to  the  table,  the  rate  of  increase  with  the  altitude  is  more  than  twice  as  great  as  in  the  summer 
season.  The  tendency  of  this  is  to  carry  the  upper  part  of  the  cyclone  eastward  faster  than  the 
lower  part,  and  as  the  upper  part,  in  which  condensation  mostly  takes  place,  carries  with  it  in  some 
measure  the  power  of  the  cyclone,  the  progressive  motion  depends  more  upon  the  motion  of  the 
upper  strata  than  upon  that  of  the  lower  ones  near  the  earth’s  surface,  and  the  lower  part  of  the 
cyclone  tends  to  lag  behind  the  center  of  power  of  the  cyclone  and  to  come  from  under  its  con¬ 
trol,  and  new  portions  of  the  lower  strata  in  front  of  the  cyclone  are  being  continually  brought 
under  its  power  and  made  to  form  a  part  of  the  cyclone.  The  cyclone,  therefore,  so  far  as  the 
lower  strata  are  concerned,  is  being  continually  formed  anew  in  advance  from  this  cause,  just  as 
the  whole  cyclone  at  all  altitudes  is,  from  the  effect  of  the  condensation  of  vapor,  because  in  the 
middle  latitudes  of  the  northern  hemisphere  it  takes  place  mostly  on  th;^  east  or  northeast  side  of 
the  cyclone.  So  far  as  the  progressive  motion  of  the  cyclone  depends  upon  the  general  motions  of 
the  atmosphere,  this  motion,  in  the  middle  and  higher  latitudes,  should  be  greater  in  winter  than 
in  summer,  since  the  general  eastward  motion  is  greater  in  the  former  season  than  the  latter. 

From  Table  XI,  §  43,  Part  I,  it  is  seen  that  on  the  parallels  of  the  trade* winds  in  the  northern 
hemisphere,  say  15®  or  20^,  there  is  an  eastward  component  of  motion  in  the  winter  season  above 
the  altitude  of  about  one  kilometer,  which  at  still  higher  altitudes  soon  becomes  very  strong,  so 
that  at  that  season  it  would  be  scarcely  possible  for  a  cyclone  to  move  westward  unless  its  power 
were  confined  mostly  to  the  lower  strata  of  the  atmosphere ;  for  if  this  power  were  mostly  above, 
where  the  general  motion  is  eastward,  the  whole  system  must  likewise  move  eastward.  In  the 
summer  season,  on  the  other  hand,  it  is  seen  that  there  is  a  westward  component  of  motion  at  all 
altitudes  except  in  the  very  high  and  rare  portions  of  the  atmosphere,  and  hence  at  this  season 
cyclones  in  these  latitudes  must  be  carried  westward. 

36.  If  a  regular  cyclone  existed  in  an  atmosphere  in  which  the  general  motions  of  the  upper 
and  lower  strata  were  the  same,  the  isobars  would  be  circular,  and  likewise  the  rain  areas,  but 
where  the  upper  strata  move  faster  in  any  direction  than  the  lower  ones,  the  whole  body  of  the 
cyclone  becomes  of  the  form  of  a  cylinder  inclined  forward  in  that  direction,  and  the  effect  is  to 
extend  the  barometric  pressure  in  that  direction,  and  to  give  the  isobars  an  elliptical  instead  of  a 
circular  form.  The  effect  is  the  same  also  upon  the  rain  areas,  since  the  cloud,  embracing  the 
upper  part  of  the  inclined  cylinder,  is  likewise  extended  in  the  direction  of  the  general  motions. 
As  the  base  of  the  cloud  is  generally  at  a  considerable  altitude  above  the  earth’s  surface,  the  center 
of  the  cloud  and  rain  area  must  fall  a  little  forward  of  that  of  the  barometric  pressure,  since  the 
latter  depends  upon  the  whole  inclined  cylinder  from  bottom  to  top,  while  the  former  depends  upon 
the  upper  part  only. 

In  view  of  the  great  extent  of  a  cyclone  in  comparison  with  the  height  of  the  atmosphere, 
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neglecting  the  upper  very  rare  portions,  the  whole  must  be  regarded  as  a  very  thin  disk  rather 
than  a  cylinder.  It  is  probable,  therefore,  that  the  forward  inclinatiou  of  the  axis  of  the  gyra¬ 
tions  is  not  very  great,  or  at  least  that  the  center  of  gyration  of  the  upper  strata  does  not  fall 
very  far  in  advance  of  that  of  the  lower  strata.  For  if  it  did,  there  would  be  so  great  a  difference 
in  the  velocities  of  the  upper  and  lower  strata  in  some  parts  that  the  friction  arising  from  this 
cause  would  tend  to  counteract  this  state,  and  cause  the  gyrations  of  the  upper  and  lower  strata 
to  somewhat  coincide.  Still  the  warm  and  moist  air  and  cloud  of  the  upper  region  would  be  car¬ 
ried  far  in  advance  of  the  center  of  gyrations  below,  and  this  would  tend  to  give  the  whole  cyclonic 
area  an  elliptical  form,  and  perhaps  to  this  cause  is  mostly  due  the  elongation  of  the  areas  of  low 
barometer  and  of  the  rain  areas. 

Since  the  relative  velocities  of  the  different  strata  eastward,  in  the  middle  latitudes  especially, 
are  greater  in  winter  than  in  summer,  the  isobars  and  the  rain  areas  should  be  more  extended  in 
the  direction  of  progressive  motion  in  the  former  than  the  latter  season,  and  the  higher  the  base  of 
the  cloud,  the  further  in  general  should  the  center  of  the  cloud  and  rain  area  fall  in  advance  of  the 
center  of  the  isobars  and  the  point  of  minimum  barometric  pressure. 

In  the  latitudes  of  the  trade-winds  in  summer  and  autumn,  when  cyclones  occur  in  these  lati¬ 
tudes  having  a  west  or  northwest  progressive  motion,  it  is  most  probable  that  the  isobars  and  rain 
areas  are  not  extended  in  the  direction  of  progressive  motion,  and  that  the  center  of  the  cloud  and 
rain  area  does  not  fall  forward  of  that  of  the  isobars,  since  in  these  latitudes  and  seasons  the  upper 
strata  can  scarcely  have  a  greater  general  motion  than  the  lower  ones  in  the  direction  of  progressive 
motion. 


CHAPTEE  II. 

PEACTICAL  APPLICATIONS  OF  THE  THEOEY  AND  COMPAEISONS  WITH  OB- 

SEEVATION. 

38.  After  giving  any  theory  with  regard  to  natural  phenomena,  which  shows  the  relations  be¬ 
tween  given  conditions  and  the  results  which  must  follow,  the  next  most  important  step,  and  the 
one  which  naturally  follows  in  regular  order,  is  to  compare  the  theoretical  relations  or  laws  with 
observation  where  there  are  observations  available  for  this  purpose.  And  this  is  especially  the 
case  where  there  is  any  vagueness  or  uncertainty  in  the  theory,  so  that  it  does  not  carry  absolute 
conviction  with  it,  but  rather  merely  suggests  laws  which,  although  they  may  be  regarded  from 
theoretical  considerations  as  being  highly  probable,  are  still  not  absolutely  certain  and  need  to  be 
corroborated  by  observation.  It  must  be  acknowledged  that  this  is  frequently  the  case  in  me¬ 
teorological  researches,  in  which  the  conditions  of  nature  can  often  be  only  imperfectly  and  approxi¬ 
mately  represented  by  mathematical  equations,  and  these  are  then  still  too  complex  to  admit  of  a 
complete  solution.  For  then  absolute  quantitative  results  cannot  generally  be  obtained,  but  merely 
certain  laws  or  relations  depending  on  the  generally  unknown  laws  and  constants  of  friction,  or  upon 
constants  left  undetermined  from  the  impossibility  of  a  complete  solution  of  the  problem,  so  that 
although  the  laws  may  be  established  by  theory,  yet  the  quantitative  results  depending  on  these 
unknown  constants,  if  determined  at  all,  must  be  determined  from  observation.  Although  in  me¬ 
teorological  researches  theory  often  needs  to  be  supplemented  and  corroborated  by  observation,  yet 
it  must  not  be  supposed  that  the  aid  derived  from  theory  is  not  of  very  great  importance ;  indeed, 
a  very  important  province  of  theory  often  is  merely  to  suggest  laws  and  render  them  somewhat 
probable  which,  but  for  the  theory,  would  never  occur  to  any  one,  while  the  complete  establishment 
of  such  laws  must  be  left  to  observation. 

In  the  preceding  theory  of  cyclones  certain  regular  conditions  had  to  be  assumed,  to  which 
those  usually  occurring  in  nature  are  frequently  only  very  rough  approximations.  For  instance, 
it  is  not  to  be  supposed  that  the  conditions  of  a  cyclone  in  nature  consist  of  regular  gradients  of 
increasing  or  decreasing  temperatures,  according  to  any  given  law,  from  the  center  to  some  dehnite 
exterior  limit  and  perfectly  symmetrical  on  all  sides,  as  assumed,  for  the  sake  of  simplicity,  in 
§  16  5  for  they  may  often  deviate  very  much  from  such  regular  assumed  conditions.  Besides  sev¬ 
eral  sets  of  such  approximate  conditions  may  encroach  upon  and  interfere  with  one  another,  and 
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the  conditions  of  smaller  cyclones  and  tornadoes  may  be  included  within  those  of  large  cyclones, 
thus  complicating  the  theory  and  rendering  it  more  uncertain.  In  comparisons,  therefore,  in  special 
cases  observation  may  seem  to  differ  widely  from  theory,  and  although  this  may  be  in  some  measure 
due  to  the  imi)erfections  of  the  theory,  yet  it  generally  arises  from  the  lack  of  sufficient  obser¬ 
vations  to  determine  the  real  conditions  which  give  rise  to  the  phenomena  observed.  The  tem¬ 
perature  and  barometric  gradients  of  a  tornado  may  be  included  entirely  within  the  surrounding 
stations  of  observation  from  which  synoptic  charts  are  formed,  so  that  theory,  from  the  conditions 
indicated  by  such  a  chart,  might  give  only  a  moderate  wind  in  a  certain  direction,  while  the  ob¬ 
served  wind,  and  wind  given  theoretically  by  the  real  conditions,  might  be  that  of  a  hurri<jaue  in 
quite  a  contrary  direction.  In  the  comparisons  of  theory  with  observation,  therefore,  it  is  neces¬ 
sary  to  have  the  averages  of  a  great  many  observations  made  under  various  circumstances  and  at 
different  times  and  places,  so  that  the  effects  of  all  abnormal  disturbances  and  variations  from  the 
assumed  regular  conditions  may  be  eliminated  in  the  number  of  observations  used. 

In  the  determination  of  such  constants  in  the  theory  as  are  necessarily  left  to  observation,  and 
in  the  comparisons  of  theory  with  observation,  it  would  be  impossible,  for  the  want  of  time  and 
space,  to  enter  here  into  the  examination  and  discussion  of  the  numerous  individual  observations 
made  in  almost  all  parts  of  the  world  which  would  be  available  for  this  purpose.  Fortunately  this 
is  not  necessarj^,  since  there  are  a  number  of  workers  in  this  field  who  with  great  labor  have 
obtained  and  given  to  the  wmrld  many  very  valuable  results  which  are  available  for  this  purpose, 
so  that  it  will  be  necessary  here  mostly  merely  to  enter  into  the  fruits  of  their  labor.  For  these, 
investigators  generally  of  meteorological  theories,  as  well  as  the  author,  should  regard  themselves 
as  being  under  very  great  and  lasting  obligations.  Among  these  important  results  obtained 
from  observation  are  those  of  the  Kev.  W.  Clement  Ley,  published  in  his  “Laws  of  the  Winds, 
and  in  various  meteorological  journals ;  those  of  Professor  Loomis,  deduced,  with  much  labor,  from 
the  numerous  and  important  observations  and  weather  maps  of  the  United  States  Signal  Service, 
and  published  in  a  series  of  meteorological  papers  in  the  American  Journal  of  Science  and  Arts  5 
those  of  Dr.  Hildebrandsson,  with  regard  to  the  upper  currents  of  the  atmosphere,  arrived  at 
from  an  examination  of  the  synoptic  charts  of  the  Eoyal  Meteorological  Institute  of  Denmark, 
and  also  the  results  of  Captain  Toynbee,  in  ocean  meteorology.  Many  very  important  observa¬ 
tions  for  our  purpose  are  also  found  in  a  work*,  recently  come  to  hand,  on  the  hurricanes  of  the 
Antilles  in  September  and  October  of  1876  and  1877.  These  are  especially  important  on  account  of 
their  coming  from  a  low  latitude  from  which  we  have  comparatively  few  observations,  and  from 
a  region  which  is  peculiarly  subject  to  these  devastating  cyclones  or  hurricanes;  and  also  because 
these  cyclones  are  but  little  affected  by  the  inequalities  of  land  surfaces,  and  consequently  have 
more  of  the  regularity  of  ocean  cyclones,  while  the  observations  can  be  made  with  all  the  facilities 
for  accurate  observation  afforded  by  land  stations. 

With  the  laws  deduced  from  the  theory  of  cyclones,  corroborated  so  far  as  may  be,  and  sup¬ 
plemented  by  ebservation,  the  various  inequalities,  both  local  and  depending  upon  the  seasons, 
which  are  observed  in  the  velocities  and  directions  of  the  wind  and  in  the  atmospheric  pressure 
over  the  different  parts  of  the  globe,  may  be  explained,  and  the  phenomena  attending  the  pro¬ 
gressive  cyclones  over  land  and  sea  may  not  only  be  explained  but  often  anticipated.  Such  laws 
are  important  to  all  who  are  interested  in  observing  and  understanding  meteorological  phenomena, 
but  especially  to  the  mariner,  exposed  to  the  destructive  cyclones  at  sea,  is  a  knowledge,  not  only 
of  the  laws  of  these  cyclones,  but  likewise  of  the  normal  states  of  the  winds  and  of  the  barometric 
pressure  in  all  parts  of  the  ocean  and  at  all  seasons  of  the  year,  unaffected  by  the  abnormal  disturb¬ 
ances  of  these  progressive  cyclones,  of  the  very  greatest  importance;  since,  with  a  knowledge  of 
the  normal  conditions  of  the  winds  and  of  barometric  pressure  at  any  time  and  place,  he  can  per¬ 
ceive  the  first  indications  of  the  abnormal  disturbances  which  are  the  forerunners  of  these  storms, 
and  so  can  be  on  his  guard,  and  then,  with  a  knowledge  of  the  laws  of  these  storms  or  cyclones,  he 
can  generally  avoid  at  least  their  most  dangerous  part. 

In  the  applications  of  the  theoretical  results  of  the  preceding  chapter  it  cannot  be  expected 

*  Apuntes  relativoe  H  I08  huricaues  do  las  Antillas  on  Sotleoibre  y  Octubre  de  1875  y  76 ;  discurso  leido  en  la  Real 
Academia  de  Ciencias  MiSdicas,  Fisicas  y  Natnrales  de  la  Habaua  porel  Socio  de  M6rito  Rdo.  P.  Benito  Vifles,  S.  J.,  di 
rector  del  Observatorio  xuagnetico  y  meteorologico  del  Real  CoUegio  de  Helen  de  la  Compafiia  de  Jesus.  Habana,  1877. 
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that  complete  rules  and  sailing  directions  for  the  mariner  can  be  given  here,  for  these  require  not 
only  a  knowledge  of  the  normal  states  of  the  winds  and  of  the  barometric  pressure  and  of  the  laws 
of  storms,  but  likewise  experience  in  navigation  and  a  knowledge  of  coasts,  currents,  &c.,  and 
would  require  a  volume ;  but  it  is  confidently  hoped  that  the  theoretical  laws  and  principles  here 
laid  down  will  be  found  to  be  of  great  advantage  to  practical  navigators  who  do  not  rely  ui)on 
mere  routine  rules,  but  also  upon  correct  scientific  principles,  and  likewise  to  those  who  furnish 
rules  in  detail  for  seamen  who  do  not  concern  themselves  with  theories.  Some  cases,  however, 
will  be  pointed  out  in  which,  in  view"  of  the  laws  and  principles  attempted  to  be  established  here, 
it  is  thought  that  the  rules  in  general  use  require  to  be  modified. 

39.  The  first  important  relations  obtained  in  the  preceding  chapter  are  those  of  §  10,  <lednced 
from  equation  (11),  showing  the  relations^  under  different  circumstances,  between  the  din‘ctious  of 
the  wind  and  the  isobars,  expressed  by  the  angle  of  inclination  which  is  the  angle  between  the 
direction  in  which  the  wind  blow^s  and  the  tangent  to  the  isobars.  Here  theory  gives  us  no  quan¬ 
titative  result,  since  the  value  of  this  angle,  as  showm  by  (11),  depends  mostly  upon  the  unknown 
function  of  friction  F,.  From  what  is  stated  in  §  7  this  cannot  be  regarded  as  a  function  of  the 
velocity  in  which  we  could  determine  from  observation  the  friction  constant,  except  perhaps  at  the 
earth’s  surface  and  always  under  precisely  the  same  circumstances,  but  it  is  rather  a  function  of 
the  differences  of  velocities  of  the  different  strata  of  the  atmosphere.  We  know,  however,  that  it 
depends  upon  and  vanishes  with  friction,  and  that  where  there  is  friction  there  must  be  a  certain 
amount  of  inclining  of  the  wind  at  the  earth’s  surface  from  the  direction  of  the  tangent  to  the 
isobar  toward  the  center  of  a  cyclone,  as  stated  in  §  10  (a),  and  hence  that  the  air  must  move  around 
and  toward  the  center  in  a  kind  of  spiral ;  but  the  amount  of  this  inclination,  as  required  by  theory 
and  shown  by  observation,  is  very  different  under  different  circumstances.  So  far  as  testing  the 
theory  by  observation  is  concerned,  all  that  can  be  done  in  this  case  is  to  show  from  observation 
that  there  is  a  certain  amount  of  inclination  at  the  earth’s  surface,  and  that  this  varies  under  dif¬ 
ferent  circumstances  as  required  by  theory,  but  the  amounts  can  only  be  determined  by  observation. 

There  was  at  one  time  a  long  and  animated  discussion  between  the  respective  adherents  Uf  the 
circular  gyratory  theory  of  Redfield,  so  called,  and  the  radial  theory  of  Espy.  Both  parties, 
entirely  sincere  no  doubt,  but  unavoidably  biased  in  some  measure  in  the  support  of  their  theories, 
thought  that  they  found  abundant  evidences  from  observation,  after  careful  surveys  and  measure¬ 
ments  in  some  cases,  to  support  their  theories.  If  either  theory  had  been  the  true  one,  observa¬ 
tion  would  no  doubt  have  satisfied  the  adherents  to  the  other  that  it  was  erroneous,  but  we  now 
see  that  the  truth  lies  between  the  two  theories,  and  hence  the  vague  and  uncertain  individual 
observations  of  the  effects  of  cyclones  and  tornadoes  could  be  easily  construed  in  many  cases  to 
support  either  theory.  Injustice  to  ^Ir.  Redfield,  it  should  be  here  stated  that  he  did  not  maintain 
that  the  winds  were  strictly  circular,  but  that  there  was  most  probably  some  inclining  of  the  winds 
toward  the  center. 

40.  Mr.  Ley  was  the  first  who  endeavored  to  determine  the  angle  of  inclination  in  large 
cyclones  from  a  great  number  of  observations  made  at  fifteen  stations,  mostly  in  the  British  Isles, 
from  which  he  deduced  the  following  conclusions  (Journal  of  the  Scottish  Met.  Soc.,  1873,  p.  66) : 

I.  “The  winds  commonly  incline  from  the  districts  of  higher  towards  those  of  lower  pressure. 
The  collective  mean  result  for  the  fifteen  stations  is  20°  31'. 

II.  “This  inclination  is  much  greater  at  inland  than  at  well-exposed  coast  stations.  The  col¬ 
lective  mean  for  Brest,  Scilly,  Farmouth,  Pembroke,  and  Hollyhead  is  12^  49',  while  for  the  inland 
stations,  London,  Nottingham,  Oxford,  Brussels,  and  Paris,  it  is  28°  53'.” 

These  confirm  the  part  of  the  theory  of  cyclones  contained  in  §  10  (a),  since  they  show  that  at 
the  earth’s  surface  there  is  a  certain  amount  of  inclining  of  the  winds  from  the  tangent  to  the 
isobars  toward  the  center,  and  also  that  at  the  inland  stations,  where  friction  is  greater  than  at 
and  near  the  sea,  this  inclination  is  greater  than  it  is  near  the  sea. 

The  average  inclination  of  SE.  winds  was  35o  11';  of  NB.  winds,  17®  43';  of  NW.,  9°  4',  and 
of  SW.  winds,  20®  13'.  In  these  results  S.  winds  were  taken  as  SW.  winds,  E.  as  SE.,  and  so  on. 
Hence  ESB.  winds  have  the  greatest  and  WNW.  winds  the  least  inclination  toward  the  center,  which 
winds  are  very  nearly  those  of  the  NE.  and  SW.  sides  of  the  cyclone,  and  consequently  of  the  front 
and  rear  sides  of  it,  since  the  average  direction  of  progress  of  the  cyclones  was  from  SW.  to  NE. 
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41.  Sabseqnently  Mr.  Ley  determined  the  relations  between  the  directions  of  both  the  upper 
and  under  currents  of  the  atmosphere,  in  areas  of  low  barometric  pressure,  and  the  radius  drawn 
from  the  center  from  the  averages  of  a  large  number  of  observations  in  the  British  Isles,  France, 
Spain,  Switzerland,  Austria,  Turkey,  Russia,  Denmark,  Sweden,  and  Norw’ay.*  His  table  of  re¬ 
sults  is  so  important,  not  only  for  our  present  purpose,  for  which  only  those  results  belonging  to 
the  surface  are  needed,  but  likewise  in  comparisons  further  on,  that  we  shall  give  it  here  in  full, 
though  in  a  different  form  and  with  a  different  notation.  Each  area  of  low  depression  was  divided 
into  sixteen  districts,  as  in  Fig.  6,  A,  a,  and  E,  e  being  at  right  angles  on  the  left  and  right  of  the 
direction  of  progress  of  the  area  of  depression. 


TABLE. 


Exterior  districts. 

Interior  districts. 

j 

Surface  winds.  , 

Upper  currents. 

1 

Surface  winds. 

Upper  currents. 

1  Districts. 

No.  of  ob¬ 
servation. 

Mean  angle  t 

1  with  radius. 

No.  of  ob¬ 
servation. 

Mean  angle 
with  radius. 

Districts. 

No.  of  ob¬ 
servation. 

Mean  angle 
with  radius. 

No.  of  ob¬ 
servation. 

Mean  angle 
with  radius. 

198 

I 

'  0 

62 

51 

-% 

'  «  1 

195 

o 

66 

58 

1  ^ 

407 

173 

163 

b 

891 

53 

104 

130 

*  C 

511 

48 

226 

152 

e 

426 

58 

94 

135 

1  D 

675 

'  64 

290 

146 

d 

454 

55 

141 

102 

1  E  * 

803 

66 

328 

124 

e 

629 

64 

135 

73 

F 

378 

76 

199 

101 

/ 

402 

74 

142 

61 

277 

79 

81 

96 

i  ^ 

250 

77 

i  83 

90 

i  ®  ' 

196 

80 

43 

09 

h 

204 

81 

40 

106 

Considering  for  the  present  the  results  only  of  this  table  belonging  to  the  surface  currents,  we 
find  that  the  average  angle  with  the  radius  for  the  exterior  districts  is  and  for  the  interior 
districts  65^.9,  which  give  for  the  inclinations  respectively  25^ A  and  24^.1,  the  average  being  24o.7. 
This  inclination  is  a  little  greater  than  that  obtained  by  Mr.  Ley  in  his  former  discussion  of  obser¬ 
vations  mostly  from  the  British  Isles,  but  this  is  what  w  e  should  expect  from  theoretical  considera¬ 
tions,  since  in  the  latter  case  there  was  a  much  larger  number  of  land  stations  in  comparison  with 
the  coast  stations,  and  hence  friction,  and  consequently  the  angle  of  inclination  in  the  average, 
should  be  greater.  The  mean  angle  of  inclination  given  by  Mr.  Ley  is  greater,  and  seems  to  be  that 
given  by  all  the  observations  without  regard  to  groups  or  districts,  w  hile  the  averages  here  given 
are  those  of  the  averages  of  the  several  groups.  These  must  give  the  most  probable  results,  since 
it  is  seen  from  the  table  that  in  both  the  exterior  and  interior  districts  the  inclinations  are  greatest 
in  those  districts  in  which  there  were  the  most  observations,  which  must  be  due  to  some  real  cause, 
and  the  differences  cannot  be  merely  accidental  ones  which  may  be  eliminated  by  the  number  of 
observations. 

It  is  seen  that  the  average  inclination  of  the  exterior  districts,  25^.4,  is  very  little  greater  than 
that  of  the  interior  districts,  which  is  249. 1 j  and  hence  these  results  furnish  only  a  very  feeble  con¬ 
firmation  of  §  10  (c),  which  requires  the  inclination  to  be  less  in  the  interior  than  the  exterior  pai-t 
of  a  cyclone,  or  area  of  low  pressure.  It  may  be  seen,  however,  from  an  inspection  of  Fig.  6,  that 
the  average  distances  for  the  exterior  and  interior  districts  was  i>erhap8  not  very  great  in  compari¬ 
son  with  the  average  radius  of  the  whole  districts,  and  it  is  mostly  near  the  center  that  theory  requires 
that  there  should  be  much  diminution  in  the  inclination. 

The  districts  C,  c,  are  on  the  front  side  of  the  cyclone  in  its  progression  and  G,  on  the  oppo¬ 
site  side,  and  it  is  seen  from  the  table  that  the  average  inclination  of  the  former  is  37^,  and  that  of 
the  latter  only  12o.  These  results  agree  well  with  those  of  the  former  ones,  from  observations  of 
the  British  Isles  mostly,  the  inclinations  from  the  latter  for  the  front  and  rear  sides  being,  as  we 
have  seen,  about  35®  and  9°,  these  both  being  a  little  less  because  the’general  average  is  less.  It 
seems  to  be  well  established,  then,  from  observation,  that  in  European  cyclones  there  is  a  consider- 


*  Quarterly  Journal  of  the  Metereological  Society,  1877,  p.  443, 
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able  inclining  of  the  winds  toward  the  center,  and  that  this  inclination  is  greater  in  the  front  than 
the  rear  part  of  the  cyclone. 

42.  From  the  weather  maps  of  the  United  States  Signal  Service  for  the  years  1872  and  1873, 
Professor  Loomis  obtained  the  following  average  inclinations  and  velocities  from  a  great  nnmber  of 
observations  in  each  of  the  four  quadrants  of  the  areas  of  low  barometers  {Silliman^s  Journal^  July 
1874): 


W.  quadrant 

S.  quadrant 

E.  quadrant.  1  N.  quadrant. 

Inclination . 

58°  48'  1 

49°  35' 

320  O' 

470  27' 

Velocity  in  miles  .... 

10.1 

_  ^  _  1 

8.8 

8.3 

7.6 

The  average  of  these  inclinations  is  nearly  47°,  which  is  much  greater  than  that  obtained  by 
Mr.  Ley  for  Europe.  This,  however,  is  satisfactorily  explained  b^^  theory.  Mr.  Ley’s  observations 
were  mostly  of  winds  of  considerable  force,  but  Professor  Loomis  took  in  all  cases  within  the  isobar 
of  29.9  inches,  which  included  many  observations  of  velocities  of  only  three  or  four  miles  per  hour. 
This  is  seen  not  only  from  the  table  of  results  given  by  Professor  Loomis,  but  also  from  the  small 
averages  of  all  the  observations  given  above.  The  average  distance  from  the  center,  therefore,  of 
the  observations  used  by  Professor  Loomis  was,  no  doubt,  much  greater  than  that  of  the  observa¬ 
tions  used  by  Mr.  Ley,  and  hence  by  §  10  (c)  the  inclination  obtained  by  the  former  should  be  greater 
than  that  obtained  by  the  latter.  Again,  the  average  latitude  of  the  observations  used  by  the 
former  is  much  less  than  that  of  the  observations  of  the  latter,  and  on  this  account  also,  by  §  10  (d), 
the  inclination  obtained  by  Professor  Loomis  for  the  United  States  should  be  greater  than  that 
obtained  by  Mr.  Ley  for  Europe.  All  agree  in  confirming  the  truth  of  §  10  (a),  and  in  showing  that 
the  amount  of  inclination,  on  land  at  least,  must  in  general  be  considerable,  and  consequently  the 
cyclonic  gyrations  not  at  all  circular. 

If  we  now  compare  the  preceding  inclinations  for  the  several  quadrants  with  those  of  Mr.  Ley, 
it  is  seen  that  the  maxima  and  minima  are  nearly  opposite,  for  Professor  Loomis  gets  the  greatest 
inclination  in  the  W.  quadrant,  which  is  nearly  the  rear  quadrant  on  the  average  in  the  United 
States,  while  Mr.  Ley  got  the  greatest  inclination  in  the  front  districts.  This  will  be  considered 
further  on,  as  we  are  here  merely  seeking  confirmations  of  the  theoretical  deductions  of  §  10. 

The  following  is  the  summary  of  the  practical  results  obtained  by  Captain  Toynbee  from  a 
discussion  of  the  observations  in  the  North  Atlantic  during  the  great  cyclone  on  the  24th  and  25th 
of  August,  1873  (Metereology  of  the  North  Atlantic  during  August,  1873): 

1.  There  is  strong  evidence  that  the  wind  in  a  hurricane  draws  in  toward  its  center. 

2.  The  indraft  is  probably  greater  in  one  quarter  than  in  another. 

3.  The  indraft  is  probably  greater  near  the  center  than  further  from  it. 

The  average  inclination  from  all  the  observations  was  29^,  the  observations  being  on  the  aver¬ 
age  at  about  the  parallel  of  50°.  This  is  a  greater  inclination  than  that  obtained  by  Mr.  Ley  for 
Europe,  though  much  less  than  that  of  Professor  Loomis  for  the  United  States.  Theory  requires  the 
inclination  to  be  less  on  the  ocean  than  on  land  on  the  same  latitudes. 

The  last  item  in  the  summary  above  is  contrary  to  theory,  but  the  author  seems  to  regard  this 
as  only  a  probable  conclusion.  The  few  observations  which  can  be  made  on  the  ocean  in  a  great 
storm,  where  there  are  no  facilities  for  making  them  accurately,  cannot  be  relied  upon  to  give  very 
accurate  results. 

43.  From  the  observations  of  Padre  Vines  on  the  hurricanes  of  the  Antilles  during  September 
and  October  of  1875  and  187G,  we  may  deduce  some  valuable  results  with  regard  to  the  inclina¬ 
tion  of  the  winds  in  cyclones  it  ':hese  low  latitudes.  Although  we  do  not  have  in  these  the  aver¬ 
ages  of  many  observations,  yet  we  can  rely  on  them  with  considerable  certainty,  since  the  cyclones 
here,  being  nearly  the  same  as  ocean  cyclones,  are  more  regular  and  not  so  much  affected  by  irregular 
abnormal  disturbing  influences,  which  require  large  numbers  of  observations  for  their  elimination. 
The  following  extracts  from  his  book,  some  in  substance  merely,  but  mostly  somewhat  literal  trans. 
lations,  have  a  bearing  on  the  present  part  of  our  subject,  which  is  seeking  confirmations  of  §  10 
and  the  determination  of  quantitative  results  which  theory  does  not  furnish.  In  all  the  hurricanes 
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of  the  Antilles  it  was  observed  that  the  gyrating  winds  cease  to  be  circular  at  a  long  distance 
from  the  vortex  and  are  found  to  deviate  from  the  tangent  to  the  circle  with  an  inclination  toward 
the  center,  forming  a  kind  of  large  converging  spiral.  This  converging  is  likewise  said  to  ‘‘vary 
not  only  in  different  hurricanes,  but  likewise  in  th3  same  hunicane,  with  different  directions  and 
intensities  of  the  wind  and  with  different  distances  from  the  vortex.’’  In  the  same  connection  it 
is  stated  that  the  inclination  is  “  especially  small  at  no  great  distance  from  the  vortex.”  ( Apuntes, 
&c.,  p.  90.) 

In  the  hurricane  of  September,  1875,  “  the  winds  of  the  anterior  part  of  the  storm  were  approx¬ 
imately  circular,  or  with  a  slight  inclination  toward  the  center  in  some  cases.”  But  from  observa¬ 
tions  made  at  numerous  places  “  the  winds  of  the  second  (SE.)  quadrant,  which  remained  at  all 
these  places  when  the  vortex  was  at  a  considerable  distance,  suffered  a  great  deviation  toward  the 
center,  and  in  some  cases  likewise  the  winds  not  far  from  the  vortex.”  (Apuntes,  &c.,  p.  92.)  . 

Similar  observations  were  made  of  the  hurricanes  of  I87G.  In  the  anterior  part  of  the  storm 
the  winds  deviated  but  little  from  the  tangent  toward  the  center,  but  in  the  posterior  part  they 
blew  almost  directly  toward  the  center.  On  the  island  of  Porto  Rico  “  little  deviation  in  the  winds 
of  the  third  and  fourth  (SW.  and  N W.)  quadrants  was  noted,  some  greater  convergency  in  those  of 
the  first  (NE.)  quadrant  and  a  great  inclination  toward  the  center  in  those  from  the  E.  and  S., 
especially  as  they  became  at  a  great  distance  from  .the  vortex.”  (Apuntes,  &c.,  p.  93.) 

The  hurricane  of  the  19th  of  October,  1876,  is  presented  as  a  notable  example  of  the  great 
convergency  of  the  winds.  “After  its  passage  by  Havana  the  winds,  which  in  the  posterior  part 
blew  from  west  to  south,  suffered  a  great  deviation  toward  the  center,  and  that  not  only  at  a  dis¬ 
tance  from  the  vortex  but  even  in  its  vicinity.”  And  “  the  winds  which  prevailed  from  SSE.  to  S., 
and  which,  during  the  passage  of  the  vortex  by  Havana  blew  with  force  in  the  different  towns 
situated  to  the  ESE.  of  Havana,  suffered  likewise  a  very  notable  inclination  toward  the  center. 
With  respect  to  the  winds  which  prevailed  in  the  first  quadrant  in  the  different  localities  of  the 
anterior  part  of  the  cyclone,  there  was  observed  in  them  likewise  a  notable  convergency,  though  in 
general  in  a  less  degree.”  (Apuntes,  &c.,  p.  93.) 

From  the  preceding  extracts,  and  many  others  of  the  same  kind  which  might  be  cited,  it  is 
evident  that  there  is  not  only  an  inclination  of  the  winds  in  the  cyclones  of  the  Antilles,  in  accord¬ 
ance  with  §  10  (a),  but  that  this  inclination  is  much  greater  than  in  high  latitudes,  as  required  by 
§  10  (d).  This  latter  deduction  from  theory,  if  true,  is  very  important  from  practical  considerations, 
and  although  there  cannot  be  any  doubt  with  regard  to  it  where  the  theory  is  understood,  yet  any 
observations  which  tend  to  confirm  it  must  be  regarded  as  being  very  important,  and  many  more 
observations  of  the  same  kind  are  very  desirable.  In  the  extreme  cases,  namely,  in  front  and 
rear  of  the  storm,  the  angle  of  fticlination  in  the  former  is  stated  to  be  very  small  and  the  direc¬ 
tion  of  the  wind  to  be  nearly  at  right  angles  to  the  radius  of  the  cyclone,  and  in  the  latter  to  be  so 
large  that  the  wind  blew  almost  directly  toward  the  center.  On  other  sides  of  the  cyclone  the  obser¬ 
vations  seem  to  give  about  a  mean  between  these  extremes.  The  angle  of  inclination,  therefore,  in 
the  cyclones  of  the  Antilles,  and  at  all  places  at  sea  in  the  same  latitudes.  Is  probably  about  45^  on 
the  average  of  all  cases  of  great  velocities  of  the  wind,  and  still  much  greater  where  the  velocities  are 
not  very  great.  But  we  do  not  have  observations  enough  yet  for  determining  quantitative  results 
with  much  accuracy.  At  sea,  in  the  latitude  of  England,  this  angle  is  most  probably  only  from 
20®  to  250.  still  nearer  the  equator  than  the  latitude  of  the  Antilles  the  inclination  must  approx¬ 
imate  to  900,  and  on  the  equator,  if  there  could  be  any  central  point  of  sensibly  lower  pressure,  we 
know  that  the  winds  would  be  radial,  in  acconlance  with  Espy’s  theory.  This  theory  took  no 
account  of  the  important  infiuence  of  the  earth’s  rotation,  and  is  therefore  true  only,  so  far  as  the 
direction  of  the  wind  is  concerned,  for  an  earth  without  rotation  on  its  axis,  and  at  the  equator, 
where  the  effect  of  rotation  vanishes.  But  this  theory  would  give  no  violent  winds  or  areas  of 
sensibly  lower  barometric  pressure,  as  we  see  is  the  case  at  and  near  the  equator. 

With  regard  to  the  theoretical  law  of  §  10  (c)  there  are  many  evidences  in  the  observations  of 
the  hurricanes  of  the  Antilles,  to  show  that  the  inclination  near  the  vortex  or  center  of  the  cyclone 
is  less  than  at  considerable  distances.  It  is  not  only  so  stated,  as  in  the  cases  cited,  but  it  may 
also  be  inferred  from  many  other  places  where,  in  referring  to  the  great  inclinations  in  special 
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cases  the  phrase  is  often  added,  ‘‘even  near  the  vortex,’’  as  though  it  was  considered  that  the  incli¬ 
nation  there  is  usually  less  than  at  greater  distances. 

44.  From  the  deductions  of  theory,  confirmed  now  and  supplemented  by  numerous  observations, 
it  is  evident  that  many  of  the  usual  rules  and  sailing  directions  must  be  very  much  modified, 
especially  in  low  latitudes.  Although  the  horn  cards  of  Piddington,  and  all  the  rules  based  upon 
the  strictly  circular  theory  of  the  winds,  may  still  be  used  at  sea  in  high  latitudes  without  great 
error,  yet  nearer  the  equator  they  must  become  more  erroneous,  and  entirely  fail  at  the  equator  if 
cyclones  could  exist  there.  It  is  beginning  to  be  pretty  generally  acknowledged  that  in  sailing 
directions  in  a  storm,  some  allowance  should  be  made  for  a  certain  small  amount  of  inclining  of 
the  winds,  but  it  seems  to  be  thought  that  this  should  be  the  same  in  all  latitudes  and  at  all  dis¬ 
tances  from  the  center  of  the  storm.  If  in  low  latitudes  the  incbnation  of  the  winds  may  be  60® 
or  more,  the  determination  of  the  direction  of  the  dangerous  center  of  a  cyclone  from  the  usual 
rules  based  upon  the  circular  theory,  in  which  the  inclination  is  supposed  to  be  naught,  would  lead 
to  an  error  of  five  or  six  points  of  the  compass.  For  this  reason  the  amount  of  inclination  at  sea 
under  average  circumstances  should  be  determined  from  observation  for  different  latitudes,  so  that 
the  navigator  could  modify  his  rules  to  suit  the  latitude;  but  unfortunately  we  have  but  few  obser¬ 
vations  yet  for  this  purpose  at  sea,  and  very  few  on  land  for  the  lower  latitudes.  Even  on  the  same 
latitudes  considerable  allowance  should  be  m^e  for  distance  from  the  center.  While  the  center 
of  the  cyclone  is  yet  at  a  considerable  distance  and  the  winds  have  not  a  great  velocity,  it  should 
be  considered  that  they  are  probably,  even  in  high  latitudes,  considerably  inclined  toward  the  center 
and  that  nearer  the  equator  they  may  be  nearly  radial,  but  even  in  these  latitudes  at  places  near 
the  center,  where  the  velocities  are  very  great,  the  gyrations  may  become  nearly  circular. 

45.  So  far  we  have  neglected  to  consider  the  effect  of  the  progressive  motion  of  the  cyclone 
or  air  in  which  the  cyclone  exists,  and  consequently  have  regarded  the  inclinations  as  being  the 
same  on  all  sides.  Where  the  cyclone  has  a  progressive  as  well  as  cyclonic  motion,  the  former 
makes  the  inclinations  differ  on  different  sides,  as  state<l  in  §  34.  The  progressive  motion  of  the 
atmosphere  at  the  earth’s  surface  in  the  United  States  is  very  small,  as  is  evident  from  an  examina¬ 
tion  of  the  isobars  on  Chart  I,  Part  1,  and  as  has  also  been  shown  by  the  late  Professor  Coffin  in 
his  “  Winds  of  the  Globe,”  according  to  which  this  velocity  is  only  in  general  two  or  three  miles 
and  even  less  in  places,  and  from  the  SW.  This,  however,  with  Professor  Loomis’  small  average 
velocities  of  the  wind,  given  in  §  42,  should  increase  the  inclination  very  sensibly  in  the  west 
quadrant  and  decrease  it  in  the  east  quadrant,  while  the  inclinations  of  the  north  and  south 
quadrants  should  be  little  affected  and  have  about  the  average  value  of  all.  This  is  the  case  with 
his  results,  and  hence  tliey  are  in  accordance  with  theory.  From  the  chart  referred  to  above,  the 
progressive  motion  of  the  air  in  the  northern  part  of  the  Atlantic  Ocean,  between  Europe  and 
America  is  comparatively  great,  as  shown  by  the  closeness  of  the  isobars,  and  hence  this  motion 
must  affect  the  inclinations  in  cyclones  there  very  much,  especially  in  such  parts  of  them  as  have 
only  moderate  velocities  of  the  wind,  and  from  this  cause  the  winds  should  have  smaller  inclinations 
in  the  front  than  the  rear  part  of  the  cyclone. 

But  it  now  becomes  very  difficult  to  explain  by  the  preceding  theory  why  Mr.  Ley  obtained 
greater  inclinations  in  Europe  for  the  front  than  the  rear  parts  of  the  storms,  while  Professor 
Loomis,  for  the  United  States,  and  Padre  Vines,  for  the  Antilles,  obtained  the  reverse.  This,  how¬ 
ever,  may  be  explained  somewhat  plausibly  from  the  consideration  that  the  cyclones  in  Europe, 
especially  those  of  the  Bnitish  Isles  and  Norway,  are  cyclones  within  a  great  cyclone  with  its  center 
near  Iceland,  and  this  is  especially  the  case  during  the  winter  season,  as  is  seen  from  Chart  V, 
Part  I.  They  are  consequently  cyclones  upon  an  inclined  plane,  as  it  were,  and  hence  the  isobars, 
as  usually  charted,  are  very  much  distorted,  and  the  center  of  the  cyclone  as  given  by  the  charred 
isobars  is  thrown  to  the  left  of  the  real  center  of  the  cyclone,  as  is  shown  in  Fig.  4,  and  consequently 
to  the  NW.  of  the  real  center  in  this  case.  It  is  readily  seen  that  this  decreases  the  angle  with 
the  radius  on  the  front  or  NE.  side  of  the  storms  and  increases  it  on  the  rear  or  SW.  side,  and 
consequently  the  inclination  is  increased  in  the  former  and  decreased  in  the  latter. 

There  is  also  another  effect  which  should  be  considered  here,  which  is  that  of  the  term  D,«  in 
(11),  which  depends  upon  the  inertia  of  the  air.  Since  at  the  earth’s  surface,  if  the  atmosphere 
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has  a  greater  progressive  motion  above  than  below,  a  new  cyclone  is  being  continually  formed  and 
new  portions  of  air  in  front  are  receiving  an  increasing  gyratory  motion,  while  the  gyratory 
motion  in  the  rear  is  being  continually  diminished  for  the  same  reason.  The  term  D,«,  therefore, 
for  the  front  part  is  positive  and  for  the  rear  negative,  and  hence  by  (11)  it  tends  to  increase  i  on 
the  front  side  and  decrease  it  in  the  rear.  This  may  in  some  cases  be  considerable,  but  the  effect 
must  generally  be  small. 

46.  The  effect  of  the  progressive  motion  of  the  air  on  the  inclinations  of  the  winds  in  the  cyclones 
of  the  Antilles  is  quite  large,  since  the  progressive  motion  of  the  trade-winds  is  comparatively 
great.  Here  the  trade-winds  become  nearly  east  winds,  as  shown  by  Professor  Coffin  in  the  ‘‘Winds 
of  the  Globe.”  Hence,  the  winds  whose  cyclonic  component  of  motion  is  from  the  N.  or  S.  suffer 
the  greatest  deviation  from  this  direction,  the  inclination  being  decreased  in  the  former  case  and 
increased  in  the  latter.  This  will  be  better  understood  from  Pig.  7,  in  which  ab  represents  the  cyclonic 
component  of  motion,  supposed  to  have  an  inclination  of  45^  on  all  sides,  and  be  the  progressive 
component  from  the  east,  or  nearly,  and  oo,  the  resultant  of  both.  The  direction  of  the  i)rogressive 
motion  of  the  cyclones  of  the  Antilles,  especially  at  Havana,  may  be  assumed  to  be  about  NW., 
represented  by  the  arrow  in  the  figure.  It  is  seen  that  in  the  front  part  of  the  storm  the  inclina¬ 
tion  of  the  resultant  ac  is  much  diminished  in  consequence  of  the  progressive  component  be,  and 
made  almost  perpendicular  to  the  radius,  while  from  the  same  cause  it  is  very  much  increased  in 
the  rear,  and  the  direction  of  the  resultant  motion  coincides  very  nearly  with  the  radius,  that  is,  is 
very  nearly  toward  the  center.  On  the  right  side,  the  direction  of  the  progressive  velocity  be 
coincides  with  that  of  the  cyclonic  motion  aft,  and  consequently  the  resultant  is  increased,  while  on 
the  left  side  it  is  in  the  contrary  direction,  and  consequently  the  resultant  velocity  is  diminished. 

We  have  now  a  complete  explanation  of  the  observed  differences  of  inclination  of  the  winds  in 
the  different  quadrants  of  the  cyclones  of  the  Antilles.  By  a  reference  to  the  citations  already  given 
in  §  43  it  is  seen  that  in  every  instance  the  winds  in  the  anterior  part  of  the  cyclone  are  said  to  be 
nearly  circular  or  to  deviate  but  little  from  the  tangent,  while  in  the  posterior  part,  where  the  winds 
are  mostly  from  SE.  to  SW.  the  inclination  is  said  to  be  very  great  and  the  winds  to  blow  almost 
toward  the  center,  as  represented  by  the  directions  of  the  resultant  ac  in  Fig.  7,  in  the  anterior  and 
posterior  parts  of  the  diagram. 

It  is  further  stated  with  regard  to  these  cyclones  generally,  “  that  the  winds  which  hav^e  suf¬ 
fered  least  deviation  with  respect  to  the  tangent  of  the  circle  having  for  its  center  the  center  of  the 
vortex  of  the  cyclone,  have  been  those  which  have  blown  from  the  first  and  fourth  quadrants,  and 
those  deviating  most  with  an  inclination  toward  the  center,  those  (which  have  blown)  from  the 
third,  and  especially  those  from  the  second  quadrant.  In  the  winds  from  the  E.  and  S.  the  incli¬ 
nation  is  such  sometimes  at  all  distances  from  the  vortex  that  the  wind  blows  directly  toward 
it.”  (Apuntes,  &c.  p.  91.)  Here  it  is  stated  again  that  the  winds  which  blew  from  the  first  and 
fourth  quadrants,  which  are  the  winds  of  the  W.  or  NW.  quadrant  of  the  cyclone,  and  conse¬ 
quently  the  anterior  part  of  it,  had  the  least  deviation  from  the  tangent,  and  that  those  winds 
which  blew  from  the  third,  and  especially  those  from  the  second,  quadrant,  and  which  are  neces¬ 
sarily  winds  of  the  posterior  part  of  the  cyclones,  had  the  greatest  inclination,  as  they  should  from 
what  has  been  shown.  This  inclination  seems  to  have  been  so  great  in  winds  from  the  SE.  that 
they  blew  directly  toward  the  center,  as  they  would  according  to  the  posterior  part  of  the  diagram 
of  Fig.  7,  if  the  progressive  velocity  be  were  made  a  little  greater  in  comparison  with  the  cyclonic 
component  aft. 

47.  From  what  precedes  it  is  seen  that  the  navigator,  on  determining  the  direction  of  the  vortex 
of  a  cyclone  from  the  direction  of  the  wind,  should,  in  addition  to  considering  latitude,  distance 
from  center,  and  velocity,  likewise  consider  in  what  quadrant  of  the  cyclone  he  is  situated,  since 
the  direction  of  the  vortex  with  reference  to  that  of  the  wind  is  so  different  in  different  quadrants, 
especially  where  there  is  a  large  progressive  motion,  as  in  the  trade-wind  regions.  In  the  front 
part  of  a  cyclone,  where  the  mariner  is  in  the  greatest  danger,  the  direction  of  the  vortex  is  gener¬ 
ally  more  nearly  at  right  angles  to  the  direction  in  which  the  wind  blows — to  the  left  in  the  north¬ 
ern  hemisphere  and  the  contrary  in  the  southern — and  consequently  the  old  rules  of  the  circular 
theory  are  more  nearly  correct  here  than  on  any  other  side  of  the  storm.  We  have  seen  that  this 
is  the  case  in  the  front  part  of  the  cyclones  of  the  Antilles,  where  the  direction  of  the  vortex  is 
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nearly  at  right  angles  to  the  direction  of  the  wind,  while  in  the  rear  it  is  nearly  in  the  direction  in 
which  the  wind  blows.  On  either  side  of  the  direction  of  progress,  the  direction  of  the  vortex  in 
cyclones  here  may  be  estimated  to  be  about  45^  to  the  left  of  the  direction  in  which  the  wind  blows. 

48.  Considering  now  the  directions  of  the  wind  in  a  cyclone  at  different  elevations,  and  in  the 
upper  regions  of  the  atmosphere,  it  is  found  that  the  deductions  from  theory  are  generally  con¬ 
firmed  by  observation  in  a  remarkable  manner.  According  to  §  10  (b)  the  inclination  is  less  at 
some  distance  above  the  surface  of  the  earth  than  at  the  surface,  and  at  great  altitudes  it  is  nega¬ 
tive  or  outward,  and  hence  where  the  cyclonic  motions  are  not  too  much  disturbed  by  combined 
progressive  motions,  the  directions  of  the  clouds,  in  the  northern  hemisphere,  should  be  from  a 
point  which  is  to  the  right  of  that  from  which  the  surhice  winds  blow.  Tlie  averages  of  numerous 
observations  in  the  middle  latitudes  show  that  this  is  the  case.  Professor  Loomis  examined  in  the 
published  volumes  of  the  United  States  Signal  Service  the  directions  of  the  surface  winds  and 
those  of  the  clouds  in  a  great  many  cases  in  which  there  was  a  well-defined  area  of  high  pressure 
on  the  east  side  of  th(^  area  of  low  pressure  within  the  limits  of  the  United  States.  The  result  at 
which  he  arrived  was  that  the  surface  winds  “circulated  around  the  low  center,  and  at  the  same 
time  moved  spirally  inward.  The  upper  clouds  were  in  all  cases  moving  away  from  the  low  center 
and  towards  an  area  of  liigh  pressure  on  the  east  and  southeast  side.”  (Silliman’s  Journal,  July 
1878,  p.  17.)  Hence  the  motion  was  outward  above  and  from  a  point  to  the  right  of  that  from 
which  the  surface  winds  blew. 

Observations  on  the  clouds  in  the  hurricanes  of  the  Antilles  gave  also  a  similar  result.  The 
clouds  in  the  different  positions  of  the  vortex  ran  almost  perpendicular  to  its  direction  from  the 
observer,  showing  that  the  winds  at  the  altitude  of  the  clouds  are  less  convergent  than  at  the  sur¬ 
face.  It  was  likewise  observed  by  Sr.  de  Gamboa,  Director  del  “  Diario  de  Cienfuegos,”  in  the 
hurricane  of  September,  1876,  that  the  winds  at  the  surface  had  a  greater  inclination  than  the  lowest 
clouds.  (Apuntes,  &c.,  p.  178.) 

Since  it  has  been  shown,  both  from  theory  and  observation,  that  the  air  in  ordinary  cyclones 
moves  in  toward  the  interior  in  the  lower  part  of  the  atmosphere,  it  must  of  course  move  out  from 
it  in  the  upper  regions,  and  the  inclination  be  negative,  or  outward.  That  this  is  the  case  is  shown 
by  the  table  of  results  given  in  §  41,  obtained  by  Mr.  Ley  from  his  observations  of  the  cirrus 
clouds.  The  average  of  all  the  angles  in  this  table  for  the  upper  currents  and  for  all  the  districts 
is  1090,  and  hence  greater  than  9(P,  and  consequently  the  direction  is  inclined  outward  19°  and 
there  is  a  motion  of  the  air  above  out  from  the  center.  The  angle  of  inclination  of  the  surfhce 
winds  given  by  the  table  is  25^  inward.  Hence  the  difference  between  the  average  directions  <rf 
the  currents  above  and  at  the  surface  is  about  44°,  those  of  the  upper  currents  being  to  the  right  of 
those  below. 

49.  The  conclusions  at  which  Dr.  Hildebrandsson  arrived  with  regard  to  the  upper  currents  of 
the  atmosphere,  from  the  synoptic  charts  of  the  Eoyal  Meteorological  Institute  of  Denmark,  are 
the  following:* 

“1.  Tout  pr^  du  centre  d’un  depression  ou  minimum  barometriqiie,  les  courants  6ui)erieur8  se 
mouvent  ^  pen  pr6s  dans  une  direction  parallele  aux  isobars  et  aux  vents  inferieurs. 

“2.  A  mesure  qu’on  s^eioigne  du  centre,  ils  sont  plies  en  dehors  et  devies  ^  droite  des  vents 
inferieurs. 

“3.  Sur  les  regions  des  maxima  ils  con vergent  vers  leur  centre  en  coupant  les  isobars  k  peu  pr6s 
A.  angles  droits.” 

The  first  of  these  confirms  that  i)art  of  the  theory  which  requires  a  small  angle  of  inclination 
near  the  center,  for  unless  this  angle  is  small  both  below  and  above,  since  it  must  be  positive  below 
and  negative  above,  the  dii-ections  above  and  below  cannot  be  nearly  parallel.  The  second  shows 
that  further  from  the  center  the  inclinations  are  greater,  in  accordance  with  theory,  and  hence  there 
is  a  greater  deviation  of  the  currents  above  to  the  right  of  those  below.  While  the  third  is  not  in 
accordance  with  theory  taken  generally,  it  will  be  shown,  further  on,  that  it  is  in  most  cases  as  a 
result  of  the  effect  of  the  progressive  motions  of  the  air  in  the  upper  regions. 

Mr.  Ley  from  620  observations  upon  the  motions  of  cirrus  clouds  arrived  at  the  following 
important  general  law  showing  the  relation  between  the  direction  of  the  higher  currents  of  the 

*  Essai  sur  les  coorants  sup^rieiirs  de  Patmosph^re  dans  leur  relation  anx  lignes  isobarom^triques,  par  H.  Hilda- 
brande  Hildebrandsson,  pr^sent^  k  la  Soci4t4  Roy  ale  des  Sciences  d’Upsal  le  2S  novembre  1874. 
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atmosphere  and  the  distribution  of  atmospheric  pressure  at  the  earth’s  surface:  The  higher  cur- 
rente  of  the  atmosphere^  while  moving  commonly  icith  the  highest  pressures^  in  a  general  way^  on  the  right 
of  their  course^  yet  manifest  a  distinct  general  centrifugal  tendency  over  the  areas  of  low  pressure  and  a 
centripetal  over  those  ofhigh.^^  (Laws  of  the  Winds,  p.  156.) 

According  to  this  law,  deduced  from  observation,  the  directions  of  the  higher  currents  incline 
outward  from  the  center  of  low  pressure  and  tangent  to  the  isobars,  as  observed  by  Dr.  Hilde- 
brandsson,  and  as  theory  requires. 

50.  In  observing  and  studying  the  motions  of  the  upper  currents  in  cyclones  it  is  important  to 
take  into  consideration  the  results  deduced  from  theory  in  §  18,  according  to  which,  in  ordinary 
cyclonic  systems,  the  gyratory  velocities  above  are  less  than  below,  and  at  great  altitudes  may  be 
even  reversed  over  the  greater  part  or  the  whole  cyclonic  or  low-pressure  area  below,  and  become 
anti-cyclonic  instead  of  cyclonic.  This  seems  to  be  confirmed  by  Mr.  Ley’s  observations  on  the 
cirrus  clouds.  He  states  that  ‘4here  occur  at  rare  intervals  in  Western  Europe  depression  systems 
which  aft'ect,  but  in  a  very  singular  way,  the  directions  of  the  upper  currents,  reversing  them  so 
that  they  become,  on  all  sides  of  the  area,  nearly,  or  quite,  in  opposition  to  Ballot’s  law,  that  is  to 
say,  there  exists  a  direct  upper  current  circulation  above  a  retrograde  circulation  of  the  surface 
winds.”  (Laws  of  the  Winds,  p.  159.) 

Mr.  Ley’s  direct  and  retrograde  circulations  correspond  to  what  we  have  denoted  by  anti- 
cyclonic  and  cyclonic  gyrations,  respectively,  and  it  is  readily  seen  from  an  inspection  of  Fig.  1,  in 
which  the  directions  of  the.  upper  currents  are  represented  by  dotted  arrows,  and  the  dividing  line 
between  the  cyclone  and  anti  cyclone  indicated  by  a  dotted  circle.  There  is  an  overlapping  of  the 
upper  anti  cyclone  over  the  outer  part  of  the  cyclone  below,  and  over  this  belt  the  winds  above 
and  below  are  very  nearly  or  quite  in  opposite  directions,  and  hence  the  former  are  in  opposition 
to  Ballot’s  law  over  this  belt. 

Mr.  Ley  very  justly  remarks  that  ‘Mt  is  important  to  observe  that  these  examples  furnish  no 
proof  that  Ballot’s  law  may  not  he  irnoj  or  approximately  so,  in  every  case^for  the  particular  stratum 
of  atmosphere  to  which  it  is  applied, This  has  been  shown,  in  §  19,  to  be  the  case  according  to  the 
cyclone  theory,  since  the  distance  of  maximum  pressure  from  the  center,  in  strata  of  different  alti¬ 
tudes,  decreases  with  the  altitude;  so  that  although  the  currents  above  may  be  nearly  in  accord¬ 
ance  with  Ballot’s  law  if  we  measure  the  pressure  at  that  altitude,  yet  if  we  compare  them  with 
the  pressures  at  the  surfaoe  all  the  upper  currents  observed  from  the  belt.  Fig.  1,  in  which  the 
anti  cyclone  above  overlaps  the  cyclone  at  the  surface,  will  be  nearly  in  opposition  to  Ballot’s  law, 
if  compared  with  the  pressures  at  the  earth’s  surface. 

61.  If  we  had  a  cyclone  with  a  cold  center  the  area  of  cyclonic  gyrations  would  be  greatest 
above,  and  there  would  be  a  belt  in  which  the  cyclonic  gyrations  above  would  be  seen  over  the 
gentle  anti-cyclonic  ones  below.  Although  the  conditions  for  a  local  progressive  cyclone  of  this 
kind  might  exist  temporarily,  arising  from  the  primary  disturbances  of  temperature,  yet  they  could 
not  give  rise  to  much  cyclonic  activity,  since  the  currents,  downward  in  the  interior  and  outward 
from  the  center  at  the  earth’s  surface,  would  be  subject  to  great  friction,  and  the  power  in  ordinary 
cyclones,  arising  from  the  caloric  of  condensation,  would  be  entirely  wanting.  Observations,  there¬ 
fore,  on  local  and  progressive  cyclones  of  this  sort  have  not  been  made  to  establish  the  truth  of  this 
latter  law,  the  reverse  of  that  observed  by  Mr.  Ley  in  the  case  of  ordinary  cyclones.  We  have, 
however,  two  notable  examples  of  stationary  cyclonic  systems  of  this  sort,  in  which  the  law  is 
unmistakably  observed.  The  northern  and  southern  hemispheres  of  the  globe  furnish  two  systems 
of  this  sort  with  the  cold  centers  at  the  poles  of  the  earth.  The  cyclonic  gyrations  at  the  earth’s 
snrface  extend  to  about  the  parallel  of  35^  or  30^,  but  at  great  altitudes  they  extend  to  the  calm- 
belt  at  the  equator,  so  that  in  the  trade-wind  region,  where  we  have  below  the  anti  cyclonic  gyra¬ 
tions  around  and  from  the  center,  we  have  above  the  cyclonic  around  and  toward  the  center.  Hence 
the  motion  of  the  cirrus  clouds  of  this  region  from  the  southwest  is  nearly  or  quite  in  exact  opposi¬ 
tion  to  that  of  the  trade-winds  below. 

52.  So  far,  in  the  consideration  of  upper  currents,  we  have  not  taken  into  account  the  effect  of 
the  progressive  motion  of  the  air  of  a  cyclone,  which,  combined  with  the  cyclonic,  gives  the 
observed  resultant,  and  this  consequently  may  be  very  different  from  the  purely  cyclonic;  and  this 
is  especially  the  case  at  great  altitudes  in  the  middle  latitudes.  These  motions  are  generally  nearly 
from  west  to  east,  and  the  eastward  components  of  the  velocities  of  these  motions,  for  the  average 
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of  all  longitudes,  may  be  approximately  computed  from  the  expressions  of  the«e  velocities  in  Table 
XI,  Part  I.  These  give  for  the  latitude  of  the  British  Isles,  say  53°  for  the  eastward  component 
of  velocity  per  hour,  at  the  elevation  of  8  kilometers,  which  may  be  assumed  to  be  the  height  of 
the  cirrus  clouds — 

In  January,  +  8  x  11.8*'“  =  101.2^"* 

In  July,  4.2  +  8  x  5.3  =  46.6 

and  for  the  mean  of  the  year  about  74^"'.  These  estimates  are  based  upon  the  assumption  that  the 
temperature  gradient  between  the  pole  and  the  equator  above  is  the  same  as  at  the  earth’s  surface, 
but  it  is  probably  less  above,  and  if  so  these  estimates  may  be  too  great.  There  are  also  various 
disturbing  causes  which  may  make  them  vary  considerably  at  different  places  on  the  same  parallel 
of  latitude.  These  estimates,  however,  give  at  least  approximate  results,  and  show  that  these  pro¬ 
gressive  velocities  are  quite  large,  and  much  more  so  in  winter  than  in  summer,  both  of  which  cir¬ 
cumstances  it  is  very  important  to  take  into  consideration. 

If  we  assume  that  the  progressive  velocity  above  is  74’^"'  from  west  to  east,  and  that  the  gyratory 
motion  at  any  given  distance  from  the  center  is  circular,  and  has  a  velocity  of  per  hour,  then 
on  the  south  side  we  should  have  an  eastward  velocity  of  74  +  60  =  134^"’  per  hour,  but  on  the  north 
side  only  74  —  60  =  per  hour,  and  there  would  be  a  motion  from  some  quarter  of  the  west  on  all 
sides  of  the  cyclone.  At  lower  altitudes,  where  the  progressive  velocity  is  less,  the  resultant  ve¬ 
locity  might  vanish  on  the  north  side,  or  there  might  be  a  small  westward  motion,  but  there  would 
be  upon  the  whole  a  great  preponderance  of  westerly  wipds. 

This  is  in  accordance  with  Mr.  Ley’s  observations  of  the  cirrus  clouds.  He  states  that  ‘Hhe 
most  elevated  clouds  not  uncommonly  traverse  a  distance  of  120  miles  an  hour,  and  occasionally 
much  more.  The  majority  of  instances  in  which  very  high  velocities  have  been  observed  over  the 
British  Isles  were  in  autumn,  winter,  and  spring,  and  occurred  when  great  but  distinct  depressions 
existed  in  the  NE.,  in  Scandinavia  or  Finland,  and  the  direction  of  the  upper  current  was  from  the 
NW.  or  NNW,  Calms,  on  the  other  hand,  are  extremely  uncommon  in  this  elevated  stratum,  at 
least  in  those  instances  in  which  it  supports  visible  vapor.  I  have  only  once  or  twice  observed  an 
actually  motionless  cirrus  cloud.  ♦  •  ♦  A  condition  of  baric  equiUbrium  in  this  stratum  is  com¬ 
monly  most  nearly  approached  in  summer  and  near  the  center  of  areas  of  high  pressure.”  (Laws 
of  the  Winds,  p.  163.) 

The  great  velocities  over  the  British  Isles  were  observed  when  there  was  a  cyclone  center  in 
the  NE.,  for  then  the  cyclonic  motion  coincided  somewhat  with  the  progressive  motion  from  west  to 
east.  These  large  velocities  did  not  occur  much  during  the  summer  season,  for  theii,  as  seen 
above,  the  progressive  component  is  comparatively  small,  and  the  magnitude  of  the  resultant 
depends  very  much  upon  this.  It  is  possible,  also,  that  the  cyclonic  disturbances  may  be  generally 
less  at  this  season.  Calms  are  said  to  be  rare  in  these  elevated  regions,  as  we  would  expect  from 
theory,  since  the  progressive  motion  here  is  so  great  that  it  rarely  happens  that  the  gyratory  com¬ 
ponent  is  sufficient  to  counteract  it  and  produce  a  calm  on  tbe  left  side  of  the  cyclone  in  its  pro¬ 
gression.  Again,  this  state  of  baiic  equilibrium  belonging  to  a  calm  in  these  regions,  is  most 
nearly  reached  in  summer,  because  then  the  progressive  eastward  velocity  is  much  less,  and  hence 
less  gyratory  motion  is  required  to  produce  a  calm  on  the  left,  for  unless  the  gyratory  motion  equals 
the  progressive,  as  we  have  seen  above,  there  must  be  an  eastward  motion  on  all  sides.  It  follows, 
then,  from  what  precedes,  that  a  stationary,  or  nearly  stationary,  condition  of  the  cirrus  clouds 
indicates  in  the  northern  hemisphere  the  existence  of  a  cyclone  center  at  some  distance  in  a  southerly 
direction  from  the  place  of  observation,  while  an  unusually  great  eastward  velocity  indicates  the 
existence  of  one  in  some  northward  direction.  In  the  southern  hemispheres  the  directions  are 
reversed. 

53.  Professor  Loomis’s  discussion  of  observations  of  the  United  States  Signal  Service,  made  on 
the  top  of  Mount  Washington  at  the  times  of  low  barometer,  gives  the  following  velocities  and 
inclinations  of  the  wind  (Silliman’s  Journal,  January,  1875) : 
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A  copy  of  the  graphic  representation  of  these  results  is  given  in  Fig.  8.  The  progressive 
motion  deduced  trom  these  results  is  N.  65^  W.  28  miles  per  hour,  of  which  the  eastward  compo¬ 
nent  is  26.4  miles.  By  Table  XI,  Part  I,  this  component  in  open  space  at  the  height  of  Mount 
Washington  would  be  only  about  16  miles,  but  the  current  on  Mount  Washington  is  increased  by 
the  air  from  lower  levels  having  to  pass  over  the  mountain  range.  Without  going  into  an  accurate 
discussion  of  the  results,  it  may  be  readily  found  approximately  that  the  resultants  above  are  those 
given  by  a  gyratory  velocity  of  30  miles  with  an  inclination  of  HP,  combined  with  the  progressive 
motion,  given  above.  A  graphic  representation  of  the  resultants  by  this  assumption  is  given  in 
Fig.  9,  which  coincide  very  nearly  with  those  of  Fig.  8,  and  hence  the  winds  on  Mount  Washington, 
for  low  barometer  are  satisfactorily  explained  by  the  hypothesis  that  they  result  from  a  gyratory 
or  cyclonic  motion  combined  with  a  large  progressive  motion. 

In  order  to  study  the  laws  of  the  winds  on  Mount  Washington,  Professor  Loomis  selected,  from 
the  published  volumes  of  the  United  States  Signal  Service  observations,  434  cases  in  which  the 
wind  blew  with  a  velocity  of  65  miles  or  more  per  hour.  As  these  high  velocities  must  occur  mostly 
when  the  direction  of  the  gyratory  motion  coincides  somewhat  with  that  of  the  progressive  motion, 
these  velocities  occur  more  frequently  in  winter  than  in  summer,  because  the  progressive  component 
of  velocity,  upon  which  the  resultant  velocity  largely  depends,  is  greatest  in  the  former  season,  just 
as  in  the  case  of  the  motions  of  the  cirrus  clouds  observed  by  Mr.  Ley.  Professor  Loomis’s  results 
from  observation  give  the  following  proportional  numbers  for  the  occurrence  of  strong  winds  on 
Mount  Washington  in  the  several  seasons  of  the  year:  Spring,  14.0;  summer,  9.2;  autumn,  13.8; 
winter,  21.2.  It  is  seen  that  the  number  of  cases  of  large  velocities  is  more  than  twice  as  great 
in  winter  as  in  summer,  which  shows  that  at  least  one  of  the  components  of  motion,  either  the 
cyclonic  or  progressive  motion,  is  much  greater  in  winter  than  in  summer. 

As  only  high  velocities  were  here  considered,  it  is  evident  that  these  must  have  been  mostly 
from  some  westerly  point,  in  which  cases  the  two  components  of  motion  in  some  measure  coincide 
in  direction.  Accordingly  the  number  of  cases  in  which  the  wind  blew  from  the  several  points  of 
the  compass  in  theee  high  velocities  was  ^^N.  53,  NW.  260,  W.  63,  SW.  27,  S.  14,  SE.  8,  E.  2,  and 
NE.  7.  Thus  we  see  that  60  per  cent,  of  all  the  high  winds  came  from  the  NW.;  75  per  cent,  from 
the  W.  and  NW.;  87  per  cent,  came  from  the  W.,  NW.,  and  N.,  while  only  4  per  cent,  came  from 
the  NE.,  E.,  and  SE.”  (Silliman’s  Journal,  January,  1879.) 

From  an  examination  of  121  cases  of  high  winds  on  Mount  Washington,  Professor  Loomis 
deduced  the  following  conclusions: 

“  1.  High  winds  on  Mount  W'ashington  circulate  about  a  low  center  as  they  do  near  the  level 
of  the  sea.  2.  The  motion  of  the  winds  is  nearly  at  right  angles  to  the  direction  of  the  low  center, 
3.  The  low  center  at  the  height  of  Mount  Washington  sometimes  lies  behind  the  low  center  at  the 
surface  of  the  earth  as  much  as  two  hundred  miles.” 

The  first  two  of  these  conclusions  is  exactly  in  accordance  with  the  cyclonic  theory,  the  second 
one  showing  that  the  inclination  at  considerable  altitudes  is  small,  as  was  observed  in  the  hurri¬ 
canes  of  the  Antilles,  and  as  required  by  the  theory  in  §  10  (b).  For  the  last  of  these  conclusions 
theory  does  not  seem  to  furnish  any  explanation. 

54.  A  similar  examination  was  made  of  the  observations  of  the  Signal  Service  on  the  top  of 
Pike’s  Peak,  and  the  same  general  results  obtained.  (Silliman’s  Journal,  January,  1879,  p.  19.) 
The  number  of  cases  of  high  velocities  from  November,  1873,  to  June,  1875,  was  363.  The  propor¬ 
tional  numbers  of  these  cases  for  the  several  seasons  of  the  year  are :  Spring,  15.7 ;  summer,  11.3 ; 
autumn,  26.5 ;  winter,  31.2.  Hence  there  are  nearly  three  times  as  many  cases  in  winter  as  in  summer. 

The  number  of  cases  in  which  the  wind  blew  from  the  different  directions  at  the  times  of  these 
high  velocities  are:  N.  28,  NW.  47,  W.  154,  SW.  Ill,  S.  18,  SE.  1,  E.  0,  NE.  4. 

According  to  these  results,  the  prevailing  direction  of  the  winds  on  the  top  of  Pike’s  Peak,  as 
on  the  top  of  Mount  Washington,  is  from  some  westerly  point,  showing  that  there  is  a  large  pro¬ 
gressive  motion  of  the  wind  from  the  west,  or  nearly,  which  is  often  very  much  modified  by  cyclonic 
motions  superadded,  which  change  the  direction  and  velocity  of  the  regular  progressive  motion, 
but  which  rarely  so  entirely  counteract  and  reverse  it  as  to  give  rise  to  a  wind  from  some  east¬ 
erly  direction.  The  total  number  of  winds  from  SE.,  E.,  and  NE.  during  a  period  of  three  years^ 
from  observations  made  three  times  a  day,  was:  Spring,  64;  summer,  130;  autumn,  86;  winter,  30. 
The  greater  number  of  east  winds  occur  in  summer,  because  then  the  progressive  eastward  velocity 
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at  the  altitude  and  latitude  of  Pike’s  Peak,  as  given  by  Table  XI,  Part  1,  is  little  more  than  one-third 
as  great  as  in  the  winter,  and  hence  in  the  summer  this  eastward  motion  is  more  readily  overcome 
and  reversed,  and  an  east  wind  produced. 

From  the  great  difference  in  the  frequency  of  easterly  winds  in  the  winter  and  summer  season. 
Professor  Loomis  infers  that  ‘‘these  winds  are  dependent  on  difference  of  tem|>erature  more  than 
on  difference  of  j)res8ure.”  This  difference,  we  have  seen,  is  explained  by  the  greater  west  com¬ 
ponent  of  the  winds  in  winter  than  in  summer,  resulting  from  the  greater  velocity  of  the  progress¬ 
ive  eastward  motion  in  the  former  than  the  latter  season,  and  although  this  depends  upon  the 
greater  temperature  gradient  between  the  pole  and  tlie  equator  in  winter  than  in  summer,  there  is 
also  a  corrc»s])oiMling  difference  in  the  barometric  gradients,  if  these  gradients  were  determined 
from  the  atmosphei  ic  i)ressure  at  the  altitude  of  Pike’s  Peak,  as  they  should,  as  has  been  stated  in 
§50,  and  not  at  the  earth’s  surface.  Although  in  the  northern  hemisphere  at  the  earth’s  snrfoce 
there  is  only  a  small  barometric  gradient  at  any  latitude  between  the  pole  and  the  equator,  yet  at 
the  altitude  of  Pike’s  Peak,  or  even  of  the  summit  of  Mount  Washington,  the  pressure  gradient  is 
large,  and  hence  the  large  eastward  progressive  velocity  of  the  air.  If  from  the  nearly  eqnal 
barometric  pressures  of  the  pole  and  the  equator  at  the  earth’s  surface  we  subtract  the  weight  of 
a  column  of  air  of  the  height  of  Pike’s  Peak,  and  of  the  temperature  of  the  pole  and  the  equator  from 
the  nearly  equal  pressures  at  the  pole  and  the  equator,  it  leaves  at  this  altitude  a  great  difference 
of  barometric  pressure  between  the  pole  and  the  equator,  and  consequently  there  is  at  this  altitude 
a  large  barometric  gradient,  requiring  a  correspondingly  large  eastward  velocity,  and  this  mnst 
increase  with  the  altitude  and  be  much  greater  in  winter  than  in  summer,  as  given  by  Table  XI, 
Part  1,  which  is  based  upon  this  principle. 

55.  We  come  now  to  the  examination  of  the  results  obtained  by  Mr.  Ley  from  observations  of 
the  upper  cuiTents  already  given  in  the  table  in  §41.  From  a  mere  inspection  of  the  angles  given 
in  this  table  for  the  several  districts  it  is  readily  seen  that  they  result  from  a  large  progressive  motion 
of  the  atmosphere  in  the  direction,  or  nearly  so,  of  the  motion  of  the  center  of  the  low-pressure 
area,  combined  with  a  gyratory  or  cyclonic  motion  around  this  center,  having  a  considerable  out¬ 
ward  or  negative  inclination.  Let  A,  B,  C,  &c.,  in  Fig.  10,  be  the  centers  of  the  several  outer  dis¬ 
tricts,  as  represented  in  Fig.  6,  and  let  A  a,  Ba,  Ca,  &c.,  represent  the  velocities  of  gyratory  motion, 
having  an  outward  inclination  of  about  30^5  and  also  let  ab  represent  the  velocity  of  progressive 
motion  of  the  upper  atmosphere  in  the  direction  of  the  progressive  motion  of  the  center  of  low- 
pressure  area,  represented  by  the  arrow,  and  let  us  suppose  that  this  latter  velocity  is  very  nearly 
equal  to  that  of  the  gyratory  velocity  A  a,  Bu,  &c.  The  resultants  will  then  be  represented  by 
A5,  B5,  C5,  &c.  It  is  readily  seen  that  the  effect  of  the  progressive  component  is  to  increase  the 
angles  with  the  radius  in  the  front  and  to  diminish  them  in  the  rear,  just  as  in  the  case  of  the 
cyclones  of  the  Antilles  represented  by  Fig.  7,  except  that  the  progressive  velocity  in  this  case  is  so 
great  in  comparison  with  the  cyclonic  that  the  effect  upon  the  angles  is  very  much  greater,  and  is 
similar  to  the  effect  upon  these  angles  on  the  summit  of  Mount  Washington,  as  represented  by  Fig, 
8.  Upon  this  hypothesis  the  largest  angles  should  be  those  of  the  districts  B,  C,  and  D,  and  the 
smallest  those  of  F,  G,  and  H.  By  a  reference  to  the  column  of  “  Mean  Angles  with  Radius”  belong¬ 
ing  to  the  upper  currents  of  the  outer  districts,  §  41,  it  is  seen  that  this  is  precisely  in  accordance  with 
observation.  In  vague  observations  of  this  sort,  it  cannot,  of  course,  be  expected  that  any  hypothe¬ 
sis  would  give  any  nice  agreement  with  observation  in  quantitative  results.  The  preceding  hy¬ 
pothesis,  the  angles  and  ratios  of  which  are  represented  in  Fig.  10,  makes  the  angles  a  little  too 
large  in  the  rear  districts,  but  this  agreement  could  be  improved  by  assuming  a  less  progressive 
velocity  ab.  For  the  interior  districts  the  angles  given  by  observation  are  less,  and  hence  for  these 
a  very  small  angle  of  inclination  outward  would  have  to  be  assumed  in  order  to  make  the  result¬ 
ants  represent  the  observations;  and  this  would  be  exactly  in  accordance  with  the  results  obtained 
by  Dr.  Hildebrandsson  for  the  regions  near  the  center  of  low  area.  Also,  the  gyratory  velocity 
is  perhaps  somewhat  greater  in  these  districts  near  the  center.  A  diagram  similar  to  that  of  Fig. 
10,  with  these  modifications,  would  likewise  give  angles  agreeing,  as  well  as  could  be  expected,  with 
those  given  by  the  observations,  in  which,  as  in  the  case  of  the  outer  districts,  the  larger  angles 
are  in  the  front  and  the  smaller  ones  in  the  rear  districts. 

It  is  seen  from  Fig.  10  that  the  resultant  velocity  in  the  district  A  is  very  small,  and  conse¬ 
quently  the  average  angle  frx)m  observation  very  uncertain.  In  fact  the  progressive  velocity  so 
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Dearly  counteracts  the  cyclonic  that  this  must  be  a  district,  on  the  average,  of  calms  rather  than 
of  currents.  This  is  in  accordance  with  the  observ^ation  of  Mr.  Ley,  who  with  regard  to  this  dis¬ 
trict  remarks  that  “the  upper  current,  which  had  previously  nearly  coincided  in  direction  with  the 
trajectory,  presently  changes,  as  a  rule,  to  a  nearly  opposite  point,  having  just  before  become  very 
slow.  In  the  interval  the  cirrus,  when  visible,  which  is  rarely  the  case,  is  sometimes  stationary, 
sometimes  moves  toward  and  sometimes  from  the  center  of  depression,  these  three  instances  being 
nearly  equally  common,  but  calms  and  motions  toward  the  center  predominating.’’  (Quar.  Jour. 
Met.  Soc.,  October,  1877,  p.  443.) 

If  these  important  observations  had  been  analyzed  with  regar<l  to  the  seasons,  they  might  have 
afforded  some  valuable  results  for  comparison  with  theory.  Mr.  Ley,  however,  makes  one  remark 
in  his  paper  which  has  a  bearing  on  this  subject.  He  says:  “I  have  found  that  in  winter  very 
local  depressions,  even  when  deep,  scarcely  affect  the  direction  of  the  cirrus  currents  in  their  vicin¬ 
ity,  the  latter  continuing  to  be  governed  by  the  more  general  distribution  of  atmospheric  pressures. 
Curiously  enough,  this  is  not  the  case  in  summer.”  This  is  completely  explained  by  the  result, 
deduced  first  from  theory,  and  then  confirmed,  as  we  have  seen,  by  the  observations  on  the  summits 
of  Mount  Washington  and  Pike’s  Peak,  that  the  progressive  eastward  velocity  of  the  upper  atmo¬ 
sphere  is  very  much  greater  in  winter  than  in  summer.  In  winter  this  velocity  is  so  great  in  com¬ 
parison  with  the  cyclonic  disturbances  that  the  directions  are  not  greatly  affected  by  them,  but  this 
is  not  the  case  with  the  comparatively  slow  progressive  motions  of  the  summer  season. 

56.  In  view  of  what  has  been  shown  in  the  preceding  section,  it  does  not  seem  necessary^  to 
resort  to  the  hypothesis  of  an  inclination  of  the  vertical  axis  of  a  cyclone  backward  in  order  to 
explain  the  observed  directions  of  the  upper  currents  of  the  atmosphere  in  the  areas  of  low  baro¬ 
metric  pressure.  Inasmuch  as  we  know  that  the  progressive  motion  of  the  upper  strata  is  greater 
than  that  of  the  lower  ones,  this  hypothesis  of  Mr.  Ley’s  is  so  much  at  variance  with  mechanical 
principles,  and  with  what  we  would  naturally  infer  would  take  place  under  such  circumstances, 
that  we  should  hesitate  to  adopt  it  without  seeking  further  for  some  more  plausible  hypothesis  to 
explain  the  observations.  These,  as  w^e  have  seen,  seem  to  be  satisfactorily  explained  by  combining 
the  large  progressive  motions  of  the  upper  regions  of  the  atmosphere  with  the  cyclonic,  and  this 
progressive  motion  is  not  a  mere  hypothesis,  but  a  result  deduced  from  theory  and  confirmed  by 
numerous  observations. 

It  is  true  that  Mr.  Ley’s  hypothesis  receives  some  support  from  the  somewhat  remarkable 
results  obtained  by  Professor  Loomis  from  the  observations  of  the  United  States  Signal  Service 
on  the  summits  of  Mount  Washington,  Pike’s  Peak,  and  Mount  Mitchell  (Silliman’s  Journal, 
Jan.,  1879),  according  to  which  the  maxima  and  minima  of  the  barometric  changes  appear  to  occur 
later  at  the  summits  than  at  the  bases  of  these  mountains,  which  Mr.  Ley  explains  by  his  hypothe¬ 
sis.  (Quar.  Jour.  Met.  Soc.,  July,  1879.)  But  these  results  of  Professor  Loomis  show  too  much  for 
this  hypothesis,  for  they  show  that  there  is  a  similar  retardation,  of  just  about  the  same  amount, 
in  the  times  of  the  maxima  and  minima  of  the  diurnal  changes  of  barometric  pressure  at  the  sum¬ 
mits  of  these  mountains,  and  we  cannot  reasonably  explain  this  by  means  of  cyclones  with  reclining 
axes.  When  we  shall  have  a  satisfactory  explanation  of  this  retardation  in  this  latter  case,  we 
shall  probably  have  one  in  the  other. 

57.  Many  important  practical  applications  may  be  made  of  what  we  have  now  learned,  both 
from  theory  and  observation,  with  regard  to  the  motions  of  the  upper  currents  of  the  atmosphere. 
These,  as  we  have  seen,  are  the  resultants  of  the  general  motions  of  the  atmosphere,  and  of  those 
of  progressive  cyclones  arising  from  local  and  temporary  disturbances.  The  former  change  with 
the  seasons,  and  are  considerably  modified  by  the  local  and  permanent  irregularities  in  the  distri¬ 
bution  of  temperature,  which  is  different  in  different  longitudes,  and  give  rise  to  the  approximate 
conditions  of  large  permanent  and  stationary  cyclones,  treated  of  further  on,  and  these  produce 
some  irregularities  in  the  directions  of  the  general  permanent  currents  of  the  upper  regions.  With 
a  knowledge  of  these  on  the  different  parts  of  the  globe,  and  at  the  different  seasons  of  the  year, 
an  observer  is  enabled  to  recognize  the  effect  of  any  cyclonic  disturbance,  even  when  the  voi  tex 
of  the  cyclone  is  yet  at  a  great  distance,  by  its  effect  upon  the  known  regular  currents.  These 
are  known  from  theory,  and  the  observations  of  the  bands  or  streaks  of  the  fine  cirrus  clouds 
peculiar  to  these  currents,  to  be  toward  some  point  between  N.  to  E.,  the  direction  in  low  latitude^ 
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being  more  nearly  radial,  that  is,  in  the  direction  of  the  meridian,  than  in  high  latitudes,  where  it 
becomes  more  nearly  from  W.  to  E. ;  but  these  general  directions  are  not  precisely  the  same  on  the 
same  latitudes  in  the  different  longitudes,  owing  to  the  disturbances  just  referred  to  above. 

The  almost  universal  precursor  of  a  distant  cyclone  is  the  appearance  of  more  cirrus  clouds 
than  usual,  not  only  differing  from  those  of  the  general  currents  in  form,  but  also  in  the  direx5tion 
of  the  currents  indicated  by  these  clouds.  The  approach  of  cyclones  from  the  E.  or  SE.  is  always 
indicated  at  Havana  by  the  ajipearance  of  these  clouds  when  the  vortex  is  yet  500  miles  or  more 
distant,  and  while  fair  weather  is  yet  prevailing.  The  same  is  also  observed  as  they  pass  off  at  a 
distance.  Here  the  directions  of  the  currents  as  indicated  by  the  cirrus  clouds  seem  to  be  very  nearly 
radial,  as  they  should  be  by  theory  in  these  low  latitudes,  and  at  great  distances  from  the  center, 
and  hence  the  direction  from  which  they  come  indicates  very  nearly  the  direction  of  the  vortex  of 
the  cyclone.  In  these  low  latitudes  the  progressive  motion  of  the  atmosphere  above  is  small  in  the 
cyclone  season  and  does  not  interfere  much  with  the  directions  given  by  regular  cyclonic  motions. 

In  higher  latitudes  the  cyclonic  motions,  referred  to  the  progressive  center,  are  more  nearly 
circular,  and  the  progressive  motion,  common  to  the  center  and  the  whole  of  the  atmosphere  in  the 
upper  regions,  modifies  very  much  the  directions  of  the  currents  as  they  would  exist  from  the  effect 
of  cyclonic  disturbances  alone.  Within  the  cyclonic  area,  and  area  of  low  barometer,  they  would 
give  the  resultant  motions  as  observed  by  Mr.  Ley,  and  as  represented  in  Fig.  10.  But  in  this  area 
the  motions  of  the  upper  currents  are  often  hid  by  the  lower  clouds,  and  besides  cyclonic  disturb¬ 
ances  in  this  area  are  usually  more  certainly  indicated  by  surface  currents  and  the  currents  indi¬ 
cated  by  the  lower  clouds  which  usually  exist,  so  that  usually  it  is  only  the  observation  of  the 
cirrus  clouds  at  a  considerable  distance  from  the  center,  beyond  the  limits  of  the  lower  cloud  area, 
that  is  of  advantage  in  determining  the  existence  and  direction  of  cyclones,  and  at  this  distance, 
it  should  be  remembered,  the  cyclonic  motions  of  the  upper  regions,  according  to  theory,  may  not 
only  become  radial,  as  observed  at  the  Antilles,  but  even  anti-cyclonic.  Any  derangements,  then,  in 
the  usual  directions  of  the  upper  currents,  indicated  by  the  cirrus  clouds,  will  indicate  the  existence 
of  distant  cyclonic  disturbances  before  they  are  indicated  by  surface  winds  or  clouds  in  the  lower 
strata,  but  the  exact  direction  of  the  cyclonic  center  will  be  left  somewhat  uncertain,  though  it  will 
generally  be  found  nearly  in  the  direction  from  which  these  upper  currents  proceed,  when  the 
observer  is  in  front  of  the  cyclone,  and  consequently  most  in  danger,  since  then  the  progressive 
motion  above,  as  seen  from  Fig.  10,  combines  with  the  nearly  radial  cyclonic  motion  and  leaves 
little  uncertainty  with  regard  to  the  direction.  To  any  one  familiar  with  the  usual  appearances  of 
the  cirrus  clouds  and  the  directions  of  the  upper  currents  indicated  by  them,  and  whose  duty  and 
interest  it  is  to  watch  for  the  first  indications  of  any  unusual  abnormal  disturbances  of  the  atmos¬ 
phere,  a  study  of  the  effects  of  distant  cyclonic  disturbances  upon  these  upper  currents  must  be 
of  great  importance,  not  only  in  furnishing  an  explanation  of  them,  but  likewise  the  first  indica¬ 
tions  of  approaching  danger. 

58.  With  regard  to  the  existence  of  an  anti  cyclone  in  connection  with  every  cyclone  and  the 
broad  annulus  of  high  barometer  with  its  maximum  at  the  dividing  limit  between  the  cyclone  and 
anti-cyclone,  as  shown  in  §  12,  we  have  many  confirmatory  observations.  But  since  the  maximum 
height  of  the  barometer  is  generally  but  little  above  the  undisturbed  normal  height  beyond  the  dis¬ 
turbed  area,  and  the  gradient  of  the  anti  cyclone  is  small,  and  the  corresponding  winds  only  very 
gentle  ones,  and  are  very  much  interfered  with  and  masked  by  numerous  other  irregularities, 
depending  upon  various  causes,  the  annulus  of  high  barometer  and  the  winds  of  the  anti-cycloue 
are  not  readily  distinguished  on  a  synoptic  chart,  and  separated  from  the  other  irregulariiies.  The 
charts  of  barometric  pressure  and  of  the  winds,  given  in  Part  I  of  these  Researches,  represent  the 
irregularities  of  pressure  upon  which  those  of  the  systems  of  cyclone  and  anti  cyclone  are  super¬ 
imposed,  and  hence  where  the  inequalities  of  pressure  belonging  to  both  are  charted  together  a 
regular  broad  annulus  of  high  baromeb  r  is  not  generally  shown  by  the  isobars.  As  an  illustration 
we  may  suppose  a  circular  area  of  uneven  land  to  be  inclosed  by  a  wall  of  the  same  height  on  all 
sides,  yet  if  this  height  were  referred  to  a  level  plane,  it  would  not  be  uniform,  but  have  its  maxima 
and  minima.  The  cyclonic  systems,  also,  are  often  irregular  in  themselves,  and  sometimes  two  or 
more  interfere  with  one  another,  and  thus  cause  still  greater  confusion. 

An  unusually  high  barometer,  however,  is  usually  observed  a  few  days  before  and  after  the 
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passage  of  an  area  of  low  barometer,  indicating  that  it  is  surrounded  by  such  an  annulus.  Professor 
Loomis  examined  the  origin  and  progress  of  44  storms  in  the  United  States  by  means  of  the  obser¬ 
vations  of  the  published  volumes  of  the  Signal  Service.  He  says:  ‘‘The  first  stage  in  the  develop¬ 
ment  of  each  of  these  storms  was  an  area  of  several  hundred  miles  in  diameter  over  which  the 
height  of  the  barometer  differed  but  little  from  thirty  inches  with  an  area  of  high  barometer  both 
on  the  east  and  west  sides  and  at  a  distance  of  about  1,000  miles.  ♦  ♦  »  On  Hoftmeyer’s  storm 
charts  we  frequently  find  three  areas  of  high  barometer,  and  occasionally  four  areas  of  high 
barometer,  surrounding  an  area  of  low  barometer.”  (Silliman’s  Journal,  January,  1878,  pp.  5-6.) 
Again,  he  says:  “The  areas  of  high  barometer,  which  uniformly  mark  the  commencement  of  a 
storm,  invariably  attend  it  during  its  progress  eastward.”  During  the  progress  of  these  storms 
the  average  height  of  barometer  on  the  east  side  was  30.39  inches,  and  on  the  west  side  30.32 
inches.  These  areas  of  high  barometer  around  the  area  of  low  barometer  are  simply  the  annulus 
of  high  barometer  somewhat  broken  up  and  interfered  with  by  the  various  disturbances  already 
mentioned.  The  reason  that  an  area  of  high  barometer  is  especially  observed  on  the  east  and 
west  sides  of  an  area  of  low  barometer  in  the  United  States,  is  that  there  is  a  somewhat  regular 
succession  of  cjclones  following  after  one  another  in  the  middle  latitudes,  so  that  the  high  barom¬ 
eter  of  the  rear  of  the  one  and  the  front  of  the  other  fall  together  and  make  the  height  of  the 
areas  of  high  barometer  on  the  east  and  west  sides  twice  as  great  as  on  the  other  sides,  and  hence 
especially  prominent  and  observable.  Areas  of  high  x)ressure  were  usually  found  to  be  accompa¬ 
nied  by  areas  of  low  pressure  on  the  east  and  west  sides  at  an  average  distance  of  about  1,200 
miles.  The  area  of  high  barometer  occurred  much  more  frequently  on  the  east  than  the  west 
side,  and  in  a  direction  about  20°  S.  of  E.  This  is  due  to  an  area  of  high  barometer,  independ¬ 
ent  of  the  local  progressive  cyclones,  l;ying  in  the  Atlantic  in  that  direction,  as  is  seen  from  Chart 
I,  Part  I,  so  that  this  side  of  the  annulus  was  always,  as  it  were,  on  higher  ground,  and  this  is 
especially  the  case  in  the  summer  season  when  the  barometer  in  the  interior  is  about  4'""  below 
the  average,  which  causes  a  considerable  gradient  in  that  direction,  as  seen  from  Chart  VI,  Part  I. 
Lfoomis  also  found  from  Hoffmeyer’s  charts  that  in  about  three-fourths  of  the  cases  examined  the 
direction  of  the  area  of  high  pressure  from  the  low  is  SE.  and  the  average  distance  about  1,700 
miles.  In  Norway  and  Sweden  there  is  a  considerable  ascending  gradient  in  this  direction,  as  seen 
firom  the  charts  referred  to  above,  and  hence,  for  the  reasons  just  given,  in  the  case  of  American 
cyclones  the  highest  part  of  the  annulus  of  high  barometer,  when  referred  to  a  level  plane,  is  in 
that  direction. 

59.  On  the  ocean  the  cyclonic  systems  are  more  regular,  so  that  here,  if  we  had  a  sufficient 
number  of  accurate  observations,  the  annulus  of  high  barometer  and  the  winds  of  the  anti  cyclone, 
could  be  more  readily  distinguished  from  the  other  irregularities,  especially  within  the  tropics  where 
these  irregularities  are  smaller.  Hence  in  the  Antilles,  where  the  islands,  being  mostly  small  in 
comparison  with  the  expanse  of  ocean  around  them  included  within  the  cyclone,  do  not  interfere 
much  with  the  regularity  of  the  cyclonic  system,  the  annulus  of  high  barometer  is  readily  observed, 
and  the  approach  of  the  cyclone  center  indicated  several  days  in  advance  of  its  ai'rival  by  the 
rising  of  the  barometer  above  its  normal  level.  The  approach  of  the  hurricane  of  September, 
1875,  was  indicated  at  Havana  by  a  sudden  rise  of  the  barometer  while  the  cyclone  was  yet  at  the 
Windward  Islands,  about  1,200  miles  distant.  Also,  on  the  13th  of  September,  1876,  there  was  a 
great  rise  of  barometer  at  Havana  while  a  cyclone  was  causing  great  destruction  in  the  island  of 
Pwto  Rico.  (See  Apuntes,  &c.,  pp.  117-118.) 

We  may  suppose  the  situation  of  Havana  with  regard  to  the  cyclone  in  both  these  cases  to 
have  been  at  a.  Fig.  11,  in  which  the  heavy  circle  represents  the  highest  part  of  the  annulus  of 
high  barometer.  Hence  there  was  a  rising  barometer  as  the  cyclone  advanced  toward  the  WNW. 
and  Havana  came  under  the  maximum  pressure  of  the  annulus.  In  the  first  case  nothing  is  said 
with  regard  to  the  direction  of  the  wind,  but  in  the  latter  the  wind  was  from  the  south,  as  required 
by  theory  in  that  part  of  the  cyclone.  With  regard  to  the  last  it  is  further  stated  (p.  127)  that 
“  during  the  past  night  (of  the  14th  and  15th)  we  have  rapidly  departed  from  the  area  of  maximum 
barometer,  with  the  wind  to  the  NNE.”  Havans  was  then  within  the  dividing  limit  between  the 
cyclone  and  anti-cyclone,  and  hence  the  barometer  was  falling  and  the  wind  had  changed  around 
from  S.  to  NNE.,  as  it  should,  as  may  be  seen  from  Fig.  11. 
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On  the  23d  of  September,  1877,  after  the  announcement  of  a  hurricane  on  the  2l8t,  among  the 
islands  of  Barbados,  San  Vincente,  and  Grenada,  the  barometer  stood  at  Havana  at  the  unusual 
height  of  764™'",  the  wind  from  the  E.,  and  afterward  inclining  to  the  NE.  In  this  case  we  may 
suppose  the  situation  of  Havana  in  relation  to  the  cyclone  to  have  been  at  21,  Fig.  11,  on  the 
21st  of  September,  and  at  23  on  the  23d,  under  the  greatest  pressure  of  the  annulus  of  high 
barometer.  The  track  of  the  center  of  this  cyclone,  with  the  positions  of  its  center  each  day,  is 
given  in  Fig.  12,  which  is  a  copy  of  a  part  of  the  Weather  Map  of  the  United  States  Signal  Service 
for  October,  1877.  The  position  of  Havana  in  the  cyclone,  as  obtained  from  this  map,  for  each  of 
the  last  days  of  September  and  the  first  part  of  October,  must  have  been  nearly  as  indicated  by 
the  numbers  in  Fig.  11,  corresponding  to  the  dates.  As  the  dimensions  of  the  cyclone  gradually 
increase  as  it  advances,  the  distances  from  the  center  in  the  figure  are  not  absolute  but  merely  rela¬ 
tive  to  the  increasing  dimensions,  so  that  we  must  suppose  the  figure  to  represent  a  larger  area, 
and  consequently  the  same  distance  from  the  center  in  the  figure  to  represent  greater  distances  in 
the  latter  days  of  the  cyclone  than  in  the  first  ones.  The  arrows  in  the  figure  represent  the  direc¬ 
tions  of  the  wind  according  to  theory,  making  some  allowance  for  the  effect  of  a  progressive  motion, 
which  would  diminish  the  inclinations  on  the  N  W.  side  and  increase  them  on  the  SE  side. 

Oil  the  2l8t  and  22d  we  have  seen  that  Havana  was  in  the  anti  cyclone,  and  on  the  23d  under 
the  middle  of  the  annulus  of  high  pressure.  We  further  read  (Apuntes,  &c.,  p.  120)  that  on  the 
25th  the  wind  was  X.  and  NNB.,  very  nearly  as  required  by  theory,  as  seen  from  Fig.  11.  The 
barometer  continued  gradually  to  fall  in  Havana  until  the  morning  of  the  27th,  and  during  that 
morning  there  were  irregularities  in  the  diurnal  oscillation.  On  the  28th,  the  barometer  continued 
fluctuating  irregularly  without  any  decided  tendency  to  either  rise  or  fall.  The  wind  was  at  the  E. 
and  ENK.,  fresh,  and  with  variable  intensity.  By  a  reference  to  Fig.  11  it  is  seen  that  on  the  27th 
the  situation  of  Havana  was  very  nearly  at  the  shortest  distance  from  the  center  of  the  cyclone, 
and  that  during  this  day  and  the  next  this  distance  remained  nearly  the  same,  and  hence  the 
barometer  had  no  decided  tendency  to  either  rise  or  fall,  as  was  observed.  On  the  23th,  it  is  stated, 
the  wind  was  a  little  N.  of  E.,  as  required  by  theory.  After  this,  the  wind  changed  to  the  south  and 
then  the  west,  and  finally,  on  the  6th  of  October,  after  the  whole  system  had  passed,  and  the  position 
of  Havana  was  in  the  anti  cyclone,  it  is  stated  that  the  wind  was  from  the  north.  Theory  would 
require  the  wind  here  to  be  rather  from  the  XE.,  but  the  directions  of  the  gentle  winds  of  the  anti- 
cycloqe  are  very  much  changed  by  slight  abnormal  disturbances.  We  see  that  according  to  theory 
the  wind,  which  on  the  25th  was  a  little  E.  of  X.  should  afterwards  change  around  to  E.,  then  S., 
then  W.,  and  finally  in  the  an ti-cy clone,  on  the  6th  of  October,  to  XB.  Accordingly  it  is  stated 
that  from  the  25th  of  September  to  the  6th  of  October,  when  a  north  wind  was  prevailing,  the 
wind- vane  made  a  direct  complete  gyration  from  X.  by  E.  to  S. — W.,  X.  (Apuntes,  &c.,  p.  122.) 

If  the  central  path  of  this  hurricane  had  been  on  the  XE.  side  of  Havana,  the  line  of  the  rela¬ 
tive  positions  of  Havana  with  reference  to  the  center  would  have  been  on  the  other  side  of  the  center 
of  the  figure,  and  it  is  readily  seen  that  the  changes  of  the  wind  would  have  been  very  different.  In 
all  cases  in  which  the  track  of  a  progressive  cyclone  is  a  straight  line,  the  relative  positions  of 
a  stationary  observer  with  regard  to  the  center  are  also  a  straight  line.  If  this  line  passes  through 
the  center  of  the  cyclone  the  greatest  change  of  barometric  pressure  is  observed,  and  at  the  passage 
of  the  center  there  is  a  very  sudden  change  of  the  wind,  after  the  short  calm  during  the  passage  of 
the  central  part,  to  the  opposite  direction.  If  this  line  passes  at  either  side  at  some  distance  from 
the  center,  the  barometric  change  is  not  so  great  and  the  veering  of  the  wind  is  not  so  sudden  nor 
through  so  many  points  of  the  compavss;  and  the  direction  in  which  the  wind  veers  depends  upon 
which  side  of  the  observer  the  center  of  the  cyclone  passes.  If  this  line  ptissea  near  or  entirely 
beyond  the  limit  between  the  cyclone  and  anti-cyclone  there  is  only  a  slight  rise  of  the  barometer 
observed,  which  is  at  its  maximum  when  the  center  of  the  cyclone  is  nearest  to  the  observer,  and 
there  is  no  depression  observed  below  its  normal  position.  In  all  cases  in  which  the  position  of 
the  observer  changes,  as  in  the  case  of  a  vessel  at  sea,  of  course  this  must  be  taken  into  account 
also  in  laying  down  the  positions  of  the  observer  with  regard  to  the  center  of  the  cyclone,  and  in 
determining  or  explaining  the  successive  changes  of  the  wind.  Theory  would  also  give  a  veering 
of  the  wind  in  the  same  way,  as  at  and  near  the  center,  when  the  observer  passes  from  the  cyclone 
into  the  anti  cyclone,  but  the  winds  belonging  to  the  anti-cyclone  are  so  gentle,  and  consequently 
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80  liable  to  be  deranged,  or  even  completely  reversed,  by  slight  abnormal  disturbances,  that  this 
veering  is  often  not  observed,  at  least  in  cyclones  on  land. 

60.  The  annulus  of  high  barometer  surrounding  every  cyclone,  as  deduced  from  theory,  is  not 
only  shown  from  observ'ations  of  unusually  high  barometer  before  and  after  the  passage  of  cyclones, 
both  in  the  United  States  and  the  Antilles,  and  from  Hoffraeyer’s  charts,  but  it  is  often  indicated 
by  the  double  veering  of  the  wind  during  the  passage  of  the  whole  system  over  the  observer.  We 
have  also  evidence  of  this  annulus  from  observations  in  the  southern  hemisphere.  The  gales 
observed  by  the  exploring  party  of  the  Challenger  at  Kerguelen  “  were  preceded  by  an  unusually 
high  barometer,  which  fell  rapidly  as  the  storm  began  from  the  north ;  as  the  wind  shifted  to  the 
west  the  barometer  rose.’’  (Quar.  Jour.  Met.  Soc.,  vol.  ii,  p.  277.) 

So  common  are  these  areas  of  high  pressure  before  and  after  cyclones  at  sea  that  it  is  thought 
by  some  that  cyclones  often  lie  between  waves  of  high  pressure.  Captain  Toynbee  says  he  has 
noticed  that  cyclonic  winds  were  formed,  as  it  were,  in  the  hollows  of  waves  of  pressure,  in  which 
cases  the  ridges  traveled  with  the  cyclones  and  formed,  as  it  were,  part  of  them.  In  many  cases 
the  ridges,  with  their  corresponding  winds,  extended  over  many  more  degrees  of  latitude  than  the 
cyclones  themselves ;  in  fact,  they  with  their  intervening  hollows  frequently  passed  over  us,  causing 
winds  veering  from  S.  to  NW.,  which  were  not  cyclones  at  all.”  (Quar.  Jour.  Met.  Soc.,  vol.  iv, 
p.  14.) 

It  would  be  difficult  to  explain,  upon  any  known  principles,  the  existence  of  mere  longitudinal 
ridges  of  high  pressure;  but  that  there  is  such  a  ridge  surrounding  every  cyclone  we  have  seen  is 
strictly  in  accordance  with  well  known  mechanical  principles  as  developed  in  the  theory  of  cyclones. 
Hence,  it  would  seem  to  be  more  probable  that  the  observed  apparent  ridges  above  referred  to  are 
merely  parts  of  the  annulus  of  high  barometer,  observed  on  the  east  and  west  sides  of  the  cyclone, 
in  its  progress  from  west  to  east,  or  perhaps  most  generally  of  a  succession  of  such  cyclones;  in 
which  case  the  ridges  on  the  east  and  west  sides  would  be  especially  prominent,  just  as  in  the  case 
of  the  succession  of  cyclones  passing  over  the  United  States,  in  which,  as  shown  by  Professor 
Loomis,  there  is  apparently  a  pretty  regular  succession  of  such  ridges,  with  low  barometer  and  a 
veering  of  the  win<ls  between  them  due  to  such  a  succession  of  cyclones.  As  the  maximum  of  the 
annulus  of  high  barometer  entirely  surrounds  the  cyclone  at  some  distance  from  its  limit  of  unusual 
violence  of  the  wind  at  the  earth’s  surface,  these  apparent  longitudinal  ridges  would  seem  to  extend 
over  more  degrees  of  latitude  than  the  cyclones  themselves,  as  stated  by  Captain  Toynbee. 

61.  It  is  important  to  every  navigator  to  know  that  a  cyclone  is  always  surrounded  by  an 
annulus  of  unusually  high  barometer,  and  that  he  cannot  get  within  the  limit  of  its  dangerous 
part  without  passing  through  this  annulus ;  for  the  observation  of  this  on  any  part  of  the  ocean 
by  means  of  the  barometer  may  on  this  account  be  often  a  first  indication  of  an  approaching  cyclone 
while  yet  the  weather  is  fair  and  calms  are  prevailing,  just  as  in  the  case  of  the  stationary  observer 
at  Havana,  who,  as  he  comes  under  the  advancing  annulus  of  unusually  high  barometer,  knows 
that  a  cyclone  is  coming  in  the  distance.  But  in  order  to  know  when  the  barometer  is  abnormally 
high  on  any  part  of  the  ocean,  he  must  know  what  is  the  normal  height  of  his  barometer  at  the 
place  where  he  is  and  at  the  time  of  the  year;  for  from  a  reference  to  the  charts  of  barometric 
pressure  in  Part  I  of  these  Eesearches,  it  is  seen  that  this  is  very  different  in  different  parts  of  the 
globe,  and  at  the  same  place  at  different  seasons  of  the  year.  Those  charts,  however,  were  not 
intended  for  that  purpose,  for  they  do  not  have  the  necessary  accuracy  over  the  ocean  generally 
for  the  want  of  sufficient  observations,  and  the  time  has  not  arrived  yet  for  constructing  such 
charts,  but  observations  are  now  being  collected  from  almost  all  parts  of  the  ocean,  and  the  time 
is  perhaps  not  far  distant  when  such  charts  can  be  constructed  with  the  requisite  accuracy. 

Such  a  chart  might  be  given  for  each  month  from  which  the  navigator  could  at  once  get  the 
normal  height  of  the  barometer  for  the  time  and  place ;  or  all  the  necessary  data  for  obtaining  this 
by  a  very  simple  calculation  might  be  given  in  two  charts  of  the  form  of  Charts  I  and  HI,  Part  I,  for 
the  northern  hemisphere.  It  has  been  shown  in  Part  I  that  the  barometric  pressure  P  may  be  ex¬ 
pressed  with  sufficient  accuracy  for  practical  purposes  by  the  first  two  terms  of  (26),  which  are 

P  =  Bo  +  Bi  cos  {<p  —  El) 
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in  which  Bo  is  the  mean  barometric  pressure  and  Bi  the  amplitude  of  the  annual  inequality.  A 
value  for  Ei  could  perhaps  be  obtained  which  would  be  suflBcieutly  accurate  for  all  parts  of  the 
ocean.  The  viable  of  <p  could  be  given  in  a  table,  say  for  each  tenth  day  of  the  year.  With  the 
value  of  Bo  taken  from  a  chart  of  the  form  of  Chart  I,  referred  to  above,  and  the  value  of  Bi  from 
one  of  the  form  of  Chart  HI,  the  value  of  P  would  be  readily  obtained.  Such  charts  for  practical 
purposes  of  this  sort  should  be  given  for  pressures  not  reduced  to  gravity  of  the  parallel  of  45°. 

The  amplitude  of  the  next  and  neglected  term  in  the  expression  of  P  above  is  shown  from 
observation  to  be  generally  considerably  less  than  one  millimeter,  which  will  perhaps  be  only  of 
about  the  order  of  the  probable  errors  of  the  values  of  Bo  and  Bi,  which  can  ever  be  obtained  from 
observation  and  given  in  charts. 

62.  With  regard  to  the  general  enlargement  of  cyclones,  in  accordance  with  §  21,  this  has  been 
fully  established  by  Redfield  in  the  case  of  the  well  developed  cyclones  originating  in  the  torrid 
zone  and  curving  around  by  Florida,  and  progressing  then  toward  the  N.  and  NE.  up  into  high 
latitudes.  In  those  in  which  the  progressive  motion  is  very  nearly  from  west  to  east  in  the  middle 
and  higher  latitudes  this  is  not  so  much  the  case,  for  there  is  a  limit  beyond  which  the  power  of 
the  cyclone  cannot  make  itself  felt  on  account  of  friction,  and  this  is  often  reached  before  they  come 
within  the  sphere  of  observation.  Also,  there  is  generally  in  these  latitudes  a  succession  of 
cyclones,  as  we  have  seen,  which  interferes  with  their  continued  expansion  into  very  great  dimen¬ 
sions. 

63.  We  now  come  to  the  consideration  of  the  formuhe  in  §  14,  showing  the  relation  between 
the  barometric  gradients  and  the  cori'espondiug  velocities  of  the  wind,  and  the  comparison  of  the 
results  given  by  these  formuhe  with  observation.  It  should  be  borne  in  mind  here  that  these 
formula?  are  based  on  the  cyclone  theory,  with  certain  assumed  regular  conditions,  which  would 
give  motions  entirely  symmetrical  on  all  sides;  and  hence  when  the  conditions  do  not  have  this 
assumed  regularity  a  nice  agreement  between  theory  and  observation  cannot  be  expected.  Al¬ 
though  the  temperature  disturbances  giving  rise  to  winds  and  barometric  gradients  may  generally 
have  some  central  point  of  maximum  temperature  with  gradients  of  increasing  temperature  out¬ 
ward  from  this  center,  yet  this  is  generally  far  from  completely  conforming  to  the  regular  gradients 
assumed  in  the  theory,  and  this  is  especially  the  case  in  small  temperature  disturbances  with 
corresponding  small  velocities  of  the  wind.  In  well  developed  cyclones,  in  which  the  temperature 
and  barometric  gradients  are  large  and  the  motions  on  all  sides  nearly  symmetrical,  the  regular 
conditions  of  the  theory  are  more  nearly  approximated,  and  hence  in  these  the  formulae  should  give 
relations  most  nearly  in  accordance  with  observation.  In  all  cases,  however,  for  reasons  already 
given  in  §  38,  the  formulae  can  be  best  tested  by  a  comparison  with  observation  when  the  averages 
of  a  great  number  of  observations  are  used,  since  then  most  of  the  abnormal  irregularities  may  be 
eliminated  from  the  averages. 

64.  As  an  example  of  the  application  of  (18)  in  a  special  case  of  large  barometric  gradient  and 
velocity  of  the  wind,  and  also  as  an  imperfect  test  of  the  accuracy  of  the  formula,  we  may  take 
the  great  Scottish  hurricane  of  the  24th  of  January,  1868.*  From  observations  of  the  barometer 
at  noon  of  Thursday  at  Aberdeen  and  Culloden,  it  was  found  that  there  was  a  <lifference  of  one 
inch  in  138  miles,  giving  a  gradient  of  0.5  inches  very  nearly.  As  this  is  a  case  in  which  the  gyra¬ 
tion  is  near  the  center  and  very  rapid,  and  also  in  a  high  latitude,  we  may  suppose  that  the  value 
of  i  is  so  small  that  we  can  put  cos  i  =  1  without  sensible  error.  We  may  also  put  for  January, 

0,  for  a  large  error  in  the  temperature  produces  only  a  very  small  effect.  The  value  of  r  i ;  not 
known,  but  we  shall  put  it  at  160  miles.  Since  the  elevation  above  sea  level  is  small  we  can  put 
P  =  P'.  Putting,  therefore,  in  the  formulae  r  =  160,  cos  i  =  1, «  =0,  =  90  —  lat.  =  32^,  and  P  =  P', 

from  (22),  which  must  be  used  in  this  case,  since  the  unit  of  distance  is  one  mile  and  of  time  one 
hour,  we  get  a  =  71.24,  h  =  30473.  With  these  values  of  a  and  ft,  and  the  value  of  G  =  0.5  inches, 
we  get  from  (20),  for  the  velocity  of  the  wind,  8  =  92.9  miles.  The  anemometer  at  Culloden  gave  a 
velocity  from  90  to  91  miles  per  hour.  This  example,  however,  should  be  regarded  rather  as  an 
example  of  the  application  of  the  formula  than  as  a  test  of  its  accuracy,  for  the  gradient  above,  as 

^  Jour,  of  Scottish  Met.  Soc.,  April,  1868. 
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determined  from  the  two  stations,  may  not  have  been  the  exact  gradient  at  Calloden  where  the 
velocity  was  observed,  but  rather  at  some  point  midway  between,  and  the  value  of  r  has  been  so 
assumed  as  to  make  the  result  of  the  formula  agree  very  nearly  with  observation.  With  a  larger 
or  smaller  value  of  r  the  result  would  be  different,  and  the  test  in  the  case  consists  in  the  reason¬ 
ableness  of  the  assumed  value  of  r  under  all  the  circumstances.  We  can  only  infer  that  in  an 
extreme  case  like  this  the  formula  gives  a  velocity  which  is  most  probably,  at  least  approximately, 
correct. 

From  the  data  given  by  Padre  Vines,  obtained  from  observations  of  the  cyclone  of  October, 
1876  (Apuntes,  &c.,  p.  112),  we  get  at  the  distance  of  60  nautical  miles  from  the  center  a  gradient 
of  13.8““  or  0.M  inches.  With  this  gradient,  putting  r  =  69.5  miles,  t  =  25®,  i  =  30^,  P  =  P',  and 
latitude  =  220.5,  we  get,  as  in  the  preceding  example,  from  (18)  and  (22),  for  the  velocity  of  the 
wind  per  hour,  «  =  78  miles.  There  may  be  considerable  uncertainty  with  regard  to  the  value  of 
« to  be  used  in  this  latitude  and  so  near  the  center,  and  the  result,  when  the  value  of  i  is  small, 
depends  very  much  upon  this  value.  The  velocities  differ  some,  as  we  have  seen,  on  different  sides 
of  the  cyclone,  but  as  the  gradient  was  obtained  from  observations  on  both  sides,  the  formula 
gives  a  mean  of  the  velocities  at  the  time  of  observation. 

65.  In  Silliman’s  Journal  for  January,  1878,  Professor  Loomis  has  given  a  table  of  results 
depending  upon  the  averages  of  great  numbers  of  observations  of  velocities,  directions,  and  gra¬ 
dients,  obtained  from  the  weather  charts  of  the  United  States  Signal  Service  for  the  years  1873 
and  1874,  from  which  the  observed  average  velocities  in  the  following  table,  corresponding  to  the 
barometric  gradients  in  the  first  column,  are  readily  deduced  : 

TABLE. 


G. 

r 

{ 

Velocity. 

Observed. 

Compated. 

Inches. 

Miles. 

o 

Miles. 

MUes. 

.06 

400 

70 

10.8 

11.8 

.07 

380 

55 

19.0 

21.6 

.08 

270 

45 

27.8 

27.8 

.09 

225 

37 

31.8 

32.1 

.10 

190 

30 

34.1 

35.1 

.11 

170 

25 

36.0 

37.4 

.12 

150 

20 

37.6 

3a9 

.13 

135 

16 

39.5 

40.2 

.14 

120 

13 

42. 0 

41.0 

.15 

no 

10 

46.0 

41.7 

One-half  the  observations  used  belonged  to  velocities  less  than  10  miles  per  hour,  and  gradients 
less  than  0.6  inches,  in  the  most  of  which,  perhaps,  the  velocities  and  directions  of  the  wind,  for 
reasons  already  given,  had  only  an  accidental  relation  to  the  isobars,  as  laid  down  upon  the  synoptic 
charts.  These  are  consequently  omitted  as  being  of  little  value  for  comparisons  with  theory.  The 
average  distance  from  the  center,  represented  by  r  for  all  the  observations,  is  said  to  be  about  350 
miles,  and  the  average  inclination,  as  we  have  seen,  47®.  Hence,  for  the  observations  upon  which 
the  data  in  the  above  table  depends,  the  average  value  of  r  and  i  must  be  both  much  less,  since 
the  rejected  observations  of  low  velocities  and  gradients  must  have  been  mostly  in  the  outer  part 
of  the  cyclone  where  r  is  greater,  and  likewise  i,  at  least  according  to  theory.  The  values  of  r  and 
%  in  the  preceding  table  are  so  assumed  as  to  give  a  near  agreement  between  the  computed  and 
observed  velocities,  and  yet  be  such  as  are  most  probably  their  average  values  corresponding  to 
the  different  gradients,  judging  from  all  the  circumstances.  Large  velocities  and  gradients  must 
be  mostly  near  the  center  of  the  cyclones,  and  hence  for  these  the  average  values  of  r  must  be 
less.  And  from  what  we  have  seen  from  theory,  confirmed,  in  some  measure  at  least,  by  observation, 
the  inclinations  should  be  greatest  for  the  smallest  gradients  and  greatest  values  of  r.  The  average 
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latitude  may  be  put  at  40°,  and  hence  =  50®,  and  we  may  also  suppose  that  t  —  16°,  and  P  =  P' 
without  material  error. 

If  with  the  observed  values  of  the  gradients  G  in  this  table,  and  the  assumed  values  of  r,  t, 
t,  and  P,  we  compute  the  values  of  s  by  means  of  the  formulie  (20)  and  (22),  we  get  the  velocities  in 
the  last  column.  But  it  should  be  observed  here  that  the  test  of  the  formulie  does  not  consist  in 
the  near  agreement  between  the  observed  and  computed  velocities,  for  with  slight  changes  of  r 
and  i  these  could  have  been  made  to  agree  exactly,  but  it  consists  in  the  reasonableness  and  prob¬ 
ability  of  the  assumed  values  of  r  and  Judging  from  the  average  values  of  these  for  all  the 
observations,  and  from  what  theory  and  observation  would  require  with  regard  to  the  values  of  r 
and  i  for  the  different  gradients.  While  there  is  considerable  uncertainty  with  regard  to  these, 
the  result  must  still  be  regarded  as  being  confirmatory  of  the  accuracy  of  the  formula,  at  least  for 
large  gradients  and  velocities.  For  the  smaller  velocities  and  gradients,  however,  the  inclinatioBS 
required  seem  to  be  too  large,  unless  the  direction  of  the  wind  in  the  outer  part  of  a  cyclone,  wbore 
the  velocities  and  gradients  are  very  small,  are  nearly  radial.  For  a  more  accurate  and  satisfactory 
test  of  the  formula,  it  is  much  to  be  desired  that  we  had  the  average  values  of  r  and  i  correspond¬ 
ing  to  several  classes  of  gradients  from  a  great  number  of  observations,  and  this  both  at  ssa  and 
on  land  and  in  different  latitudes. 

G6.  That  the  inclination  of  the  wind  at  the  earth’s  surface  in  the  outer  part  of  the  cydone, 
where  gradients  and  velocities  are  small  should  be  very  great,  is  entirely  in  accordance  with  theory. 
This  is  deduced  in  §  10  (c),  from  equation  (11),  upon  the  hypothesis  that  the  friction  at  the  earths 
surface,  expressed  by  F,  in  (11),  is  the  same  at  all  distances  from  the  center  for  the  same  velocity  t; 
but  we  have  seen  in  §  7  that  the  friction  depends  rather  upon  the  difi'ei'ences  of  the  relative  veloci¬ 
ties  of  the  different  strata,  and  from  §  19  and  Fig.  2  it  is  seen  that  these  relative  velocities  in  the 
outer  part  of  the  cyclone  are  such  as  to  increase  the  friction  where  the  velocity  8  remains  the  same; 
for  here  the  cyclonic  gyrations  at  and  near  the  earth’s  surface  have  the  anti-cyclonic  above,  so 
that  the  cyclonic  gyrations  are  retarded  by  the  friction  of  the  earth’s  surface  below  and  that  of  the 
anti-cyclonic  gyrations  above,  and  these  latter,  and  consequently  the  differences  of  the  relative 
velocities  between  the  several  strata  upon  which  friction  depends,  are  greater  over  the  outer  part 
of  the  cyclone  than  at  any  other  distance  from  the  center.  We  have  here,  more  than  anywhere 
else,  the  disk  of  the  upper  strata  gyrating  anti-cyclonically,  and  grinding,  as  it  were,  over  the  disk 
of  the  lower  strata,  gyrating  in  the  contrary  direction.  Hence  the  radial  component  of  velocity 
here  has  to  be  great,  since  the  force  depending  upon  the  ejirth’s  rotation,  in  a  direction  at  right 
angles  to  the  direction  of  the  radial  component  of  velocity  and  in  proportion  to  it,  is  the  force 
which  overcomes  the  frictional  resistances  to  the  gyration,  and  where  the  radial  component  of 
velocity  is  required  to  be  great  the  inclination  has  to  be  great. 

67.  The  observed  velocities  in  the  preceding  table  were  obtained  by  means  of  a  cup  anemome¬ 
ter,  in  which,  as  originally  assumed  by  Dr.  Robinson,  the  velocity  of  the  wind  was  supposed  to  be 
three  times  the  velocity  of  the  middle  of  the  cups.  But,  according  to  the  recent  theoretical  re¬ 
searches  of  Dr.  M.  Thiesen,*  the  relation  between  these  velocities  is  far  from  being  expressed  by  a 
single  constant,  and  is  not  only  dift'erent  for  different  anemometers,  but  differs  in  the  same  instru¬ 
ment  with  different  velocities  of  the  wind  and  densities  of  the  air.  This  is  also  shown,  so  far  as 
different  velocities  are  (;onc.erned,  by  the  still  more  recent  experimental  researches  of  Dr.  Bobinsont 
and  F.  Dohrant,t  according  to  both  of  which  the  constant  3  is  much  too  great  for  great  velocities, 
but  is  approximately  correct  for  velocities  of  about  10  miles  or  less  per  hour.  According  to  Dr. 
Robinson  the  extreme  lowest  value  of  this  constant  is  only  2.286,  and  according  to  the  results 
obtained  by  both,  the  observed  velocities  of  the  preceding  table  should  be  decreased  about  one- 
fifth  part  to  give  the  tnie  velocities  ai>proximately,  which  would  have  been  given  by  a  correct 
constant  of  reduction.  With  such  a  decrease  of  these  velocities,  it  is  seen  that  considerable 
changes  must  be  made  in  the  values  either  of  r  or  of  t,  or  of  both,  in  the  preceding  table,  in  order 


**  Repertorium  Uir  Meteorologie,  1877.  t  Phil.  Trans.,  1878,  Part  II.  t  Repert  fiir  Met.,  1878,  Heft.  n. 
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to  give  an  agreement  between  theory  and  observation.  For  the  smaller  gradients  and  velocities 
this  agreement  could  be  still  had  by  an  increase  of  8^  or  10°  in  the  values  of  i,  but  for  the  larger 
gradients  and  velocities  it  would  require  a  considerable  decrease  in  the  values  of  r,  since  when  i  is 
small  the  value  of  cos  ♦  in  the  formula,  upon  which  the  velocity  depends,  is  not  much  aftected 
unless  by  a  considerable  increase  of  the  angle. 

68.  In  order  to  determine  the  effect  of  latitude  upon  the  gradient,  Professor  Loomis  examined 
250  cases  of  high  velocities  (Sillimau’s  Journal,  January,  1878,  p.  20),  dividing  the  observations 
into  four  groups  according  to  latitude,  and  obtained  the  following  average  distances  between  the 
isobars  drawn  to  tenths  of  an  inch :  For  latitude  29o.3,  98  miles;  latitude  37o.5,  66  miles;  latitude 
420.7,  62  miles;  and  for  latitude  47^.7,  50  miles.  Hence  the  gradients,  which  are  inversely  as  the 
distances  between  the  isobars,  increase  with  the  latitude,  as  theory  requires,  and  a  little  more 
rapidly  than  the  sine  of  the  latitude.  But  in  connection  with  these  results  we  do  not  have  the 
average  velocities  or  values  of  s  for  each  class.  If  we  assume  that  these  were  the  same  for  each 
group  of  observations  corresponding  to  the  given  averages  of  latitude,  then  theory,  by  (16),  would 
require  that  the  increase  of  gradient  should  be  a  little  less  than  that  of  the  sine  of  the  latitude, 
or  cos  vs  since,  according  to  (11),  cos  i  must  increase  with  the  latitude.  This  increase,  however, 
is  but  little  for  high  latitudes.  In  the  uncertainties  of  the  data  of  comparison,  and  especially 
in  the  assumption  of  equal  averages  of  velocity  for  the  several  groups,  a  very  nice  agreement 
eonld  not  be  expected  between  theory  and  observation  upon  this  assumption.  With  regard,  how¬ 
ever,  to  the  general  law  of  a  decrease  of  gradient  for  the  same  velocity  with  a  decrease  of  latitude, 
many  observations  within  the  tropics  show  that  the  gradient  is  less  here  than  in  higher  latitudes 
with  the  same  velocity  of  the  wind. 

69.  From  (16)  it  is  also  seen  that  according  to  theory  the  gradient  for  the  same  velocity  of  the 
wind  must  increase  with  altitude  as  P:cos  i,  neglecting  the  small  effect  depending  on  a  change  of 
temperature  with  altitude.  Professor  Loomis  observes  that  at  an  altitude  of  6,000  feet  the  gradient 
is  nearly  one-third  less  than  it  is  at  the  lower  stations,  but  he  does  not  state  whether  this  is  the 
case  for  the  same  velocities  of  the  wind.  If  we  suppose  the  value  of  P  at  the  lower  stations  to  be 
750'"“,  and  the  value  of  i  =  45°,  and  at  the  height  of  6,000  feet  we  put  P  =  580'"  ",  and  cos  i  =  I, 
since  the  inclinations  at  great  altitudes  are  small,  we  get  (580  x  .707) ;  750  =  .55  for  the  ratio  between 
the  gradient  at  the  height  of  6,000  feet  and  that  of  the  lower  stations,  supposing  that  8  is  the 
same  for  both,  which  is  a  greater  decrease  of  gradient  than  that  observed.  With  an  assumed 
value  of  i  =  30^  at  the  lower  stations,  the  ratio  given  by  theory  would  agree  very  nearly  with  that 
observed.  Of  course  the  observations  at  the  high  stations  must  have  been  too  few  to  give  the 
observed  ratio  with  much  accuracy ;  and  besides  it  is  uncertain  whether  the  average  of  the  veloci¬ 
ties  above  and  below  were  the  same.  It  was  probably  much  greater,  and  the  gradient  was  increased 
from  this  circumstance. 

70.  It  is  also  seen  from  (16)  that  the  gradient  G  must  decrease  with  the  increase  of  temperature 

and  hence  it  should  be  somewhat  less  in  summer  than  in  winter.  With  regard  to  the  250  cases  of 

high  velocities  examined.  Professor  Loomis  remarks  that  ‘‘the  observations  indicate  that  the  gra¬ 
dient  is  less  in  summer  than  in  winter;  but  the  observations  are  too  few  in  number  to  furnish  a 
satisfactory  value  of  the  gradient  in  summer  for  these  high  velocities.’’ 

Mr.  Ley  has  obtained  some  definite  results  with  regard  to  this  subject  from  the  examination 
and  discussion  of  a  great  number  of  observations,  from  which  he  concludes  that  “  the  mean  velocity 
of  the  wind  corresponding  to  each  gradient  is  much  higher  in  summer  than  in  winter, consequently 
Ihe  gradients  are  much  less  in  summer  than  in  winter,  other  things  being  the  same.  The  data 
employed  were  the  daily  telegraphic  reports  issued  by  the  Meteorological  Office  (London),  from 
August,  1870,  to  July,  1875.  The  isobars  were  in  the  first  place  drawn  as  accurately  as  could 
be  done  for  each  day,  and  the  gradients  instrumentally  measured  in  the  direction  in  which  they 
were  the  steepest  over  the  station.  The  stations  selected  were  Stoneyhurst  and  Kew.  There  is  a 

^Snggeetions  on  certain  Variations,  annual  and  diurnal,  in  the  relation  between  the  Barometric  Gradient  and  the 
¥«loeily  of  the  Winds. — Quarterly  Jour.  Met.  Soc.,  October,  1876,  p.  292. 
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remarkable  conformity  in  the  results  for  the  two  stations.  The  averages  for  the  two  stations  are 
given  in  the  following 

TABLE. 


Gradient  nor 

Winter. 

Summer. 

60  nautical 
miles. 

Number  of 
instances. 

Mean  ve¬ 
locity. 

Number  of 
instances. 

Mean  ve¬ 
locity. 

Inches. 

MUes. 

MUes, 

.024 

142 

8. 55 

274 

6.07 

.036 

245 

4.00 

402 

8.01 

1  .048 

317 

6.75 

406 

11. 17 

1  .060 

305 

10.75 

274 

14.60 

'  .072 

191 

12.96 

133 

16.47 

.084 

170 

14. 15 

101 

18.47 

.006 

140 

16.98 

1  77 

20.98 

.  108 

93 

21. 12 

1 

.120 

66 

1  24.73 

i 

The  results  for  winter  include  the  observations  from  October  to  March,  and  those  for  summer 
the  observations  from  April  to  September,  inclusive.  The  results  in  the  table  show  a  very  decided 
difference  in  the  velocities  for  the  same  gradients  in  winter  and  summer,  and  one  which  is  much  too 
great  to  be  accounted  for  in  full  by  the  formula  of  (16)  with  the  average  temperatures,  or  values  of 
f,  for  winter  and  summer,  and  this  is  especially  so  in  the  case  of  the  small  gradients  and  velocities. 

If  we  compare  the  velocities  and  gradients  of  the  table  in  §  65  with  those  of  the  preceding 
table,  it  is  seen  that  Ihe  velocities  in  the  latter  for  the  same  gradients  are  much  smaller  than  those 
in  the  former,  which  would  require  still  greater  values  of  i  in  the  forraulte  for  small  velocities,  and 
smaller  values  of  r  for  the  larger  ones,  in  order  to  make  the  theory  agree  with  these  observations. 
Mr.  Ley  has  not  given  the  average  values  of  these  quantities  for  the  different  classes  of  gradients 
and  velocities,  but  larger  assumed  values  of  i  in  this  case  would  not  be  consistent  with  the  average 
value  of  i  for  all  gradients  and  velocities  obtained  by  him  for  all  Europe,  as  given  in  §  40. 

From  all  the  comparisons  which  have  been  made  of  observations  with  the  results  of  the  for¬ 
mula  giving  the  relation  between  the  barometric  gradient  and  the  velocity  of  the  wind,  we  have 
seen  that  large  values  of  i,  except  in  the  case  of  large  velocities  near  the  center  of  gyration,  are 
necessary  in  order  to  reconcile  the  formula  with  observation.  In  the  case  of  no  friction,  and  conse¬ 
quently  completely  circular  gyrations,  the  value  of  i  is  0,  and  the  formula  with  this  value  gives 
much  larger  velocities.  Hence  the  formula  of  Peslin,  based  upon  the  hypothesis  of  circular 
gyrations  and  no  friction,  gave  a  velocity  much  too  great  in  the  comparisons  which  he  made  with 
observations. 

71.  For  the  same  reasons,  as  in  the  case  of  the  annual  changes  of  temperature,  the  formula 
would  give  greater  velocities  of  the  wind  for  the  same  gradient  during  the  day  than  during  the 
night.  But  the  difference  given  by  the  formula  accounts  for  only  a  very  small  part  of  the  observed 
difference.  According  to  a  paper*  by  Dr.  Hann,  on  “  The  Diurnal  Period  of  the  Velocity  and 
Direction  of  the  Wind,”  it  appears  that  the  velocity  of  the  wind  by  observation  during  the  warmest 
part  of  the  day,  at  many  places,  is  from  one-third  to  one-half  greater  than  it  is  during  the  coldest 
part,  in  the  latter  part  of  the  night.  This  is  especially  the  case  at  inland  stations,  but  at  sea  there 
does  not  seem  to  be  any  sensible  inequality  of  this  sort,  and  at  great  elevations  the  inequality 
seems  to  be  reversed,  the  least  velocities  occurring  during  the  warmest  part  of  the  day.  ' 

These  diurnal  changes  in  the  velocity  of  the  wind  cannot  be  due  to  corresponding  changes  in 
the  barometric  gradient,  as  obtained  from  synoptic  charts,  for  these  are  known  to  be  very  small; 
but  both  the  annual  and  diurnal  inequalities  in  the  velocities  of  the  winds  may  be  explained,  with 
some  degree  of  plausibility,  by  supposing  that  a  considerable  part  of  fhe  winds  is  due  to  loc^  dis¬ 
turbances  of  temperature  and  barometric  gradients,  producing  gyrations  and  various  irregular 

*  Die  Sitzb.  der  k.  Akad.  der  Wissensch.,  II.  Abth.,  Janner-Heft.,  Jahrg.  1879. 
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distarbances  of  the  winds,  and  thus  increasing  the  average  observed  velocities,  while  these  local 
disturbances  are  too  small  in  extent  to  affect  the  gradients  as  obtained  from  synoptic  charts,  in 
which  the  stations  of  observation  are  at  long  distances  from  one  another. 

The  effect  of  numerous  cyclonic  gyrations  upon  the  velocity  of  the  wind  due  to  the  gradients 
obtained  from  synoptic  charts,  may  be  readily  seen  by  considering  a  special  case.  If  we  suppose 
a  particle  of  air  to  have  a  progressive  and  also  a  gyratory  motion  and  that  the  velocities  of  both 
are  the  same,  then  the  path  of  the  particle  of  air  will  be  that  of  a  cycloid  and  hence  much  greater 
than  that  of  the  progressive  motion,  corresponding  to  the  observed  gradient.  The  wind  in  this 
case  would  of  course  blow  with  variable  direction  and  velocity,  as  it  generally  does,  but  the  velocity 
obtained  from  the  averages  of  observations  without  regard  to  direction  would  be  increased. 

From  the  Table  of  §  28  it  is  seen  that  the  atmosphere  is  frequently  in  a  state  of  unstable 
equilibrium  during  the  day  and  in  the  summer  season,  even  when  not  saturated  with  aqueous 
vapor,  and  hence  in  a  state  to  give  rise  to  numerous  cyclonic  disturbances  of  small  dimensions,  and 
extending  up  to  no  very  great  altitude.  Hence  mostly  during  the  summer,  and  the  warmest  part  of 
the  day,  the  observed  velocities  are  increased,  which  give  rise  to  the  annual  and  diurnal  inequalities 
of  velocity,  while  the  corresponding  changes  in  the  gradients  are  not  observed,  because  the  stations 
of  observation  are  too  far  apart  to  detect  them.  On  the  ocean  the  annual  and  diurnal  changes  of 
temperature  are  very  small,  and,  besides,  the  atmosphere,  on  account  of  the  relative  coldness  of  the 
ocean,  is  not  often  in  a  stato  of  unstable  equilibrium  there.  The  annual  and  diurnal  inequalities  of 
the  velocity  of  the  wind,  accordingly,  is  not  observed  here.  If  the  observations  of  winds  and  baro¬ 
metric  gradients  on  the  ocean  were  discussed,  as  Mr.  Ley  did  those  of  Stoneyhurst  and  Kew,  they 
would  probably  give  but  little  difference  between  the  velocities  of  winter  and  summer,  correspond¬ 
ing  to  the  same  gradients. 

As  the  regular  progressive  motion  of  the  upper  strata  of  the  atmosphere  is  generally  greater 
than  that  at  the  earth’s  surface,  the  ascending  air  arising  from  the  surface  on  account  of  small 
cyclonic  disturbances,  or  from  any  kind  of  interchange  between  the  lower  and  upper  strata,  has  a 
tendency  to  retard  the  greater  velocities  of  the  upper  currents,  and  this  must  occur  mostly  during 
the  summer  season  and  the  warmest  part  of  the  day.  Thus  inequalities  are  produced  in  the  veloci¬ 
ties  of  the  upper  currents,  the  reverse  of  those  below,  since  the  causes  which  increase  the  velocities 
below  must  decrease  them  above.  A  satisfactory  explanation  of  the  matter  has  been  given  by 
Dr.  Koppen.  (Zeit.  der  Oester.  Gesell.  fur  Meteorologie,  Band  XIV,  Seite  333.) 

72.  The  cyclone  theory  may  now  be  used  in  the  explapation  of  the  various  inequalities  of  baro¬ 
metric  pressure  which  are  observed  on  the  same  latitude  in  different  longitudes.  We  shall  consider 
these  first  with  regard  to  the  mean  pressures,  independent  of  the  seasons  of  the  year,  which  is  that 
which  occurs  approximately  near  the  middle  of  April  and  October.  In  Part  I  of  these  Eesearches 
the  effect  upon  barometric  pressure  of  differences  of  mean  annual  temperature  between  the  polar 
and  equatorial  regions,  taken  without  regard  to  differences  of  temperature  in  longitude,  have  been 
determined  from  observation,  and  is  shown  in  the  column  of  Bo  in  Table  X,  p.  37.  From  this  it  is 
seen  that  for  a  difference  of  about  40^  (72^  F.)  of  temperature  in  the  northern  hemisphere  between 
the  pole  and  the  equator,  the  difference  of  barometric  pressure  is  very  small,  being  a  little  less  at 
the  pole  than  at  the  equator,  and  having  its  maximum  about  the  parallel  of  35^.  In  the  southern 
hemisphere,  however,  this  difference,  for  perhaps  about  the  same  difference  of  temperature,  is  much 
greater,  for  reasons  already  given  in  Part  I.  It  is  now  proposed  to  consider  the  deviations  of  the 
mean  annual  pressure  in  longitude  from  the  mean  of  all  longitudes.  This  depends  mostly  on  the 
corresponding  deviations  of  the  mean  annual  temperature  in  longitude  from  the  mean  of  all  longi¬ 
tudes,  but  in  some  measure  also  on  the  inequalities  of  the  earth’s  surface,  which  interfere  with  the 
regularity  of  the  general  atmospheric  currents  and  give  rise  to  disturbances  of  atmospheric  pressure. 

In  the  first  of  the  following  tables  are  given  these  deviations  of  mean  annual  temperature  for 
the  northern  hemisphere,  which  must  be  regarded  as  residuals,  or  rather  disturbances,  of  tempera¬ 
ture,  the  effects  of  which  are  yet  to  be  considered.  These,  as  likewise  those  for  January  and  July, 
are  only  approximate,  and  are  not  to  be  regarded  as  being  very  accurate,  since  they  have  been 
obtained  from  isothermal  charts,  by  interpolating  to  the  latitudes  and  longitudes  of  the  tables,  as 
well  as  could  be,  from  a  mere  inspection  of  the  charts.  The  results  thus  obtained  were,  in  many 
cases,  then  smoothed  off  somewhat  by  means  of  the  differences,  so  that  the  numbers  in  the  table 
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must  be  regarded  as  giving  the  deviations  of  the  general  distribution  of  temperature  over  the 
globe,  neglecting  all  local  and  minor  irregularities.  This  is  what  is  needed  for  our  purpose,  rather 
than  numbers  giving  all  the  small  local  irregularities,  since  it  is  not  proposed  here  to  consider  the 
effects  of  the  latter,  but  merely  those  of  the  more  general  disturbances  of  tem|>erature  over  the 
globe. 

Tables  giving  the  differences  between  the  temperature  and  the  average  for  all  longitudes  in  the  northern 
hemisphere^  for  the  mean  of  the  year^  of  January  and  of  July ^  in  degrees  of  Fahrenheit 

TABLE  I.— MEAN  TEMPERATURE  OF  THE  TEAR  MINUS  THE  AVERAGE  OF  ALL  LONGITUDES. 


Longitude  we«t  from  Greenwich. 
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140° 
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50° 
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0 

5 

10 

14 

14 

13 

50 

6 

5 

5 

7 

6 

4 

3 

—  3 

—13 

—11 

—  8 

0 

6 

9 

11 

10 

8 

45 

4 

4 

8 

4 

4 

3 

3 

—  1 
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—  1 

—  2 

—  3 

—  3 

-3 

—  2 
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—  5 
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Longitude  euot  from  Greenwich. 
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Tables  giving  the  differences  between  the  temperature^  &e, — Gcmtinued. 

TABLE  XL-OtfEAlir  TEMPERATURE  OF  JANUARY  MINUS  THE  AVERAGE  OF  ALL  LONGITUDES. 


Longitude  west  from  Greenwich. 
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Longitude  east  from  Greenwich. 
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Table  giving  the  differences  as  hettceen  the  temperature^  &c. — Continued. 

TABLE  III— MEAN  TEMPERATURE  OF  JULY  MINUS  THE  AVERA.GE  OF  ALL  LONGITUDES. 
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Longitude  west  from  Greenwich. 

• 

■e  =3 
©  ^ 
'A 

17(F 

IWP 

159^ 

14(P 

130° 

120° 

t 

110° 

100° 

90° 

80° 

1 

70° 

1  00° 

50° 

40° 

80° 

20° 

10° 

0° 

75° 

—  3 

—  3 

—  1 

2 

2 

0 

—  1 

—  2 

—  3 

—  3 

—  2 

-1 

—  2 

—  4 

—  6 

—  5 

—  4 

—  1 

70 

—  4 

—  4 

2 

6 

2 

1  0 

—  2 

—  4 

—  6 

—  4 

-2 

—  2 

—  6 

—  6 

—  0 

—  4 

—  1 

05 

—  6 

—  5 

0 

4 

6 

4 

1 

—  1 

—  4 

—  7 

—10 

—  9 

—  7 

—  6 

—  5 

—  8 

—  1 

60 

—  7 

—  5 

—  3 

1 

5 

5 

3 

—  1 

—  5 

—  9 

—12 

—11 

—10 

—  9 

-7 

-3 

—  2 

—  1 

55 

—  7 

-7 

—  7 

—  3 

1  1 

4 

4 

2 

—  2 

—  7 

—10 

—  9 

—  8 

—  7 

-5 

-2 

—  2 

1 

60 

—  7 

—  9 

—  9 

—  5 

i  -8 

3 

5 

4 

2 

—  5 

—  5 

—  5 

—  5 

—  5 

—  3 

—  1 

—  1 

—  1 

45 

—  7 

—  9 

—10 

—10 

—  8 

—  2 

2 

8 

7 

—  1 

—  3 

—  4 

—  4 

—  4 

—  3 

—  2 

—  1 

0 

40 

—  7 

—  9 

—11 

—13 

-11 

—  5 

1 

1* 

11 

3 

—  1 

—  3 

—  3 

—  3 

—  3 

—  3 

—  1 

1 

35 

—10 

—13 

—13 

—13 

—12 

—  8 

0 

10 

10 

4 

1 

-  1 

—  2 

—  3 

—  3 

—  2 

0 

30 

—11 

—14 

—14 

—14 

—12 

—10 

0 

8 

8 

4 

2 

0 

“2 

—  3 

—  2 

—  2 

1 

2 

25 

—10 

—12 

—12 

—12 

-11 

-9 

—  4 

2 

5 

3 

0 

—  1 

—  2 

—  3 

—  2 

—  1 

2 

4 

20 

—  8 

—  8 

—  8 

—  8 

—  8 

—  8 

—  8 

—  3 

0 

1 

—  2 

—  2 

—  3 

—  4 

—  2 

0 

8 

• 

15 

—  6 

—  6 

—  6 

—  6 

-6 

—  5 

—  5 

—  2 

0 

1 

—  1 

—  1 

—  2 

—  3 

-2 

0 

2 

6 

10 

-3 

—  3 

—  3 

—  3 

—  2 

—  1 

—  1 

—  1 

0 

1 

1 

0 

-1 

—  2 

—  2 

—  1 

1 

6 

5 

—  2 

—  2 

—  2 

—  2 

—  1 

—  1 

0 

0 

1 

2 

2 

3 

1 

—  1 

—  1 

—  1 

0 

2 

0 

-2 

—  1 

—  1 

—  1 

—  1 

—  1 

0 

1 

2 

3 

3 

5 

3 

-1 

—  1 

—  1 

—  1 

—  1 

53 

-  cS 

Lougitnde  east  from  Greenwich. 
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73.  If  we  examine  the  numbers  in  Table  1  corresponding  to  the  northern  part  of  the  Atlantic 
ocean,  and  especially  if  we  write  these  numbers  in  their  proper  places  on  a  polar  projection  of  the 
northern  hemisphere,  it  is  seen  that  there  is  a  considerable  area,  somewhat  circular,  with  the  center 
a  little  north  and  east  of  Iceland  and  west  of  Norway,  in  which  there  are  large  residual  tempera¬ 
tures,  above  the  average  of  all  longitudes,  amounting  at  the  maximum  to  about  20°  F.,  which 
have  not  been  taken  into  account  in  Part  I,  in  the  general  motions  and  pressure  of  the  atmosphere, 
and  the  effects  of  which  we  are  now  to  consider.  Here,  then,  we  have  the  approximate  conditions 
of  a  cyclone  with  a  gradient  of  decreasing  temperature  from  the  center  outward,  represented  ap¬ 
proximately  by  (25).  At  a  considerable  altitude,  however,  the  temperature  gradient  is  probably 
less  than  at  the  earth’s  surface,  since  the  temperature  disturbances  of  the  atmosphere  are  mostly 
greater  at  the  surface  than  at  considerable  altitudes  where  the  temperature  remains  more  nearly 
the  same  over  all  parts  of  the  globe,  and  at  all  seasons  of  the  year.  The  constant  C,  therefore,  in 
(25)  is  probably  less  for  the  upper  strata  than  the  lower  ones. 

These  conditions  must  give  rise  to  a  fixed  cyclone,  with  its  center  near  Iceland,  and  conse¬ 
quently  to  an  area  of  low  mean  annual  barometer  in  the  northern  part  of  the  Atlantic,  and  this 
effect  must  be  superimposed  on  that  belonging  to  the  general  motions  and  pressure  of  the  atmos- 
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phere  treated  of  in  Part  I,  and  consequently  we  have  here  an  area  in  which  the  barometer  is  lower 
than  the  mean  of  the  latitude  taken  all  around  the  globe.  That  there  is  such  a  depression  is  shown 
by  Chart  I,  Part  I,  on  which  the  isobars  are  laid  down,  as  well  as  could  be,  from  observations,  and 
although  there  is  some  uncertainty  in  these  lines,  from  the  want  of  sufficient  observations  on  the 
ocean,  yet  observation  shows  conclusively  that  there  is  an  area  of  low  barometer  such  as  theory 
requires.  As  the  distribution  of  temperature  over  the  hemisphere  gives  the  conditions  of  a  cyclone 
with  a  gradient  of  increasing  temperature  from  the  pole  to  the  equator,  this  is  a  case  of  a  cyclone 
within  a  cyclone;  and  consequently,  for  reasons  given  in  §  32,  the  combined  effects  of  these  condi¬ 
tions,  treated  separately,  do  not  give  precisely  the  true  effects  of  both  conditions  combined,  yet 
the  effects  lost  are  only  of  a  second  order,  and  are  of  no  consequence  where  only  a  general  explana¬ 
tion  of  the  observed  variations  of  pressure  over  the  globe  are  aimed  at,  and  not  a  comparison 
of  exact  quantitative  results. 

74.  By  the  cyclone  theory  every  cyclone  must  have  an  annulus  of  high  barometer  and  its  anti¬ 
cyclone  surrounding  it.  As  this  is  a  fixed  and  permanent  cyclone,  the  anti  cyclone  may  be  very 
broad  and  the  gradient  very  small,  so  that  the  highest  part  of  the  annulus  may  be  very  little  higher 
than  the  normal  height,  and  this  annulus  falls  on  so  many  other  inequalities  that  it  cannot  be 
recognized  on  the  chart,  but  the  effect  of  this  annulus  is  seen  in  the  Atlantic,  on  the  parallel  of 
about  350,  where  it  falls  somewhat  on,  but  probably  considerably  south  of,  the  annulus  of  high 
barometer  belonging  to  the  hemispherical  cyclone,  which,  as  we  have  seen,  is  on  this  latitude,  and 
the  effect  of  the  two  combined  gives  an  area  of  barometric  pressure  a  little  higher  than  that  of  the 
average  of  the  latitude  taken  all  around  the  globe. 

Since  this  is  a  case  of  a  cyclone  within  a  cyclone  the  chart  representing  the  combined  effects 
of  the  two  should  be  similar  to  Fig.  4,  in  which  the  annulus  of  high  barometer  of  the  included 
cyclone  falls  somewhat  on  that  of  the  larger  one,  giving  a  somewhat  elliptical  area  of  high 
barometer,  with  winds  blowing  in  some  measure  all  around  it,  but  with  much  greater  velocity  on 
the  north  and  south  sides  than  on  the  east  and  west  sides.  If  it  were  not  for  the  cyclonic  system 
with  its  center  near  Iceland,  the  calm-belt  of  the  parallel  of  35^  would  extend  from  Africa  and 
the  Mediterranean  entirely  across  the  Atlantic  and  the  southern  part  of  the  United  {States;  but 
under  existing  circumstances  the  anti-cyclouc  of  this  disturbing  system,  with  its  winds  gyrating 
from  left  to  right,  cuts  this  calm-belt,  on  the  east  side  of  the  Atlantic  and  Wvst  coast  of  Africa, 
giving  rise  to  gentle  northerly  winds,  and  on  the  west  side  of  the  Atlantic  and  the  southern  part  of 
the  United  States,  giving  rise  here  to  a  predominance  of  southerly  winds.  It  is  to  this  anti  cyclone 
alone  that  the  gradients  on  the  east  and  west  side  of  the  area  of  high  barometer  in  the  Atlantic,  on 
the  parallel  of  35°,  is  due,  as  well  as  the  corresponding  winds  of  these  gradients,  while  on  the  north 
and  south  sides  the  gradients  and  corresponding  winds  of  the  two  systems  combine.  Between  the 
center  near  Iceland  and  the  parallel  of  35°,  the  gradients  for  this  reason  become  very  steei), 
and  hence  the  west  and  southwest  winds  of  the  Atlantic  in  the  middle  latitudes  are  unusually 
strong.  In  the  trade-wind  region  of  the  Atlantic  the  anti  cyclones  of  the  two  systems  combine, 
and  hence  the  trade-winds  here  receive  additional  force  from  the  anti  cyclone  of  the  system,  with 
its  center  near  Iceland.  It  is  from  the  effect  of  this  latter  that  the  trade-winds  on  the  east  side  of 
the  Atlantic  blow  nearly  from  the  north,  while  midway  they  are  from  the  northeast,  in  the  Antilles 
from  the  east,  and  in  the  southern  part  of  the  United  States  from  the  southeast  and  south.  The 
effect  of  the  permanent  cyclone  with  its  center  near  Iceland  is  to  cause  the  prevailing  direction  of 
the  winds  to  be  more  from  the  southwest  and  south  in  the  British  Isles  and  Norway,  and  in  Green¬ 
land  and  Baffin’s  Bay  from  the  northeast.  The  isobars  of  Chart  I,  Part  I,  for  the  region  of  the 
North  Atlantic,  laid  down  from  observation  are,  as  nearly  as  we  can  judge,  exactly  in  accordance 
with  the  preceding  deductions  from  theory.  The  prevailing  directions  and  forces  of  the  winds  of 
this  region,  taken  for  the  whole  year,  are  so  well  known  that  it  is  not  necessary  to  refer  here,  even 
if  space  would  permit,  to  the  numerous  authorities  which  might  be  cited  to  prove  that  the  existing 
system  of  winds  is  in  strict  accordance  with  theory.  (See  Winds  of  the  Globe,  Plate  3,  by  the  late 
Prof.  J.  H.  Coffin,  LL.  D.) 

With  regard  to  the  effect  of  the  cyclone  of  the  northern  part  of  the  Atlantic  on  the  upper  cur¬ 
rents  of  the  atmosphere,  it  should  be  borne  in  mind  that  the  cyclonic  gyrations  of  the  lower  strata, 
in  a  system  with  a  warm  center,  decrease  with  altitude  and  become  more  and  more  anti-cyclonic,  so 
8.  Ex.  13 - 30 
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that  although  the  surface-wiuds  of  the  middle  latitudes  are  much  increased  by  the  cyclonic  gyrations, 
it  is  not  so  much  the  case  at  some  height  above  the  surface,  and  in  the  upper  regions  of  the  atmos¬ 
phere  tlie  eastward  currents  may  be  much  diminished  by  the  anti-cyclonic  gyrations  prevailing  there, 
especially  near  the  outer  limits  of  the  cyclonic  gyrations  below.  It  is  important  to  take  this  into 
consideration  in  observing  and  studying  the  upper  currents  of  the  North  Atlantic. 

75.  There  is  another  etiect  which  should  be  taken  into  account  here,  which  coincides  in  some 
measure  with  that  arising  from  the  local  inequalities  of  temperature.  We  have  seen  in  Part  I  that 
the  general  motion  of  the  atmosphere  in  the  middle  latit  udes  is  toward  the  east,  and  between  the 
parallel  of  30^  or  35^  and  the  equator  it  is  toward  the  west.  The  middle  of  the  current  and  the 
maximum  velocity  eastward  are  above  the  parallel  of  50^.  Where  this  current  encounters  the 
greater  friction  of  the  continent,  and  especially  high  lands  and  mountain  ranges,  it  is  deflected  in 
part  to  the  right  and  left,  the  part  to  the  right  passing  over  the  eastern  side  of  the  Atlantic  and 
west  coast  of  Africa  and  joining  the  general  westward  current  in  the  lower  latitudes,  and  the  part 
deflected  toward  the  left  passing  up  toward  the  pole  around  by  Greenland,  and  joining  again  the 
general  current  eastward  in  the  middle  latitudes.  The  westward  current  within  the  tropics  is  like¬ 
wise  deflected  in  part  by  the  American  continent,  and  especially  the  high  mountain  ranges  of 
Mexico,  to  the  right  over  the  southern  part  of  the  United  States,  and  also  joins  the  general  east¬ 
ward  current  of  the  middle  latitudes.  Hence  there  are  produced  two  great  gyrations  of  the  atmos¬ 
phere  from  this  cause  independent  of  any  local  disturbances  of  temperature,  the  one  around  some 
point  near  Iceland  as  a  center,  and  the  other  around  some  point  about  the  middle  of  the  Atlantic 
near  the  parallel  of  35^.  Since  where  there  is  motion  in  any  direction  there  is  a  deflecting  force 
arising  from  the  earth’s  rotation  to  the  right  of  this  direction  in  the  northern  hemisphere,  the 
gyration  around  the  center  near  Iceland  must  cause  a  barometric  depression  in  that  region,  while 
the  gyration  around  the  other  center  on  or  near  the  parallel  of  35^,  since  it  is  in  the  con¬ 
trary  direction,  must  cause  an  area  of  high  barometer  with  its  center  near  the  center  of 
gyrations. 

The  effects  of  these  gyrations  arising  from  the  deflections  of  the  continents,  both  on  the  baro¬ 
metric  pressure  and  on  the  motions  of  the  atmosphere,  coincide  so  nearly  with  those  arising  from  the 
local  disturbances  of  temperature  that  we  cannot  separate  them  and  say  how  much  belongs  to  each 
cause.  The  center  of  the  area  of  resultant  low  barometer  from  the  two  causes,  as  shown  by  the 
chart,  seems  to  be  a  little  further  west  than  it  should  be  if  it  depended  on  the  temperature  dis¬ 
turbance  alone,  since  the  maximum  of  the  latter  is  further  east  than  the  center  of  the  area  of  low 
barometer.  The  center  of  the  depression,  therefore,  arising  from  the  deflections  of  the  continents, 
is  perhaps  a  little  west  of  Iceland,  and  therefore  the  center  of  the  resultant  depression  arising  from 
both  causes  is  a  little  east  of*  Iceland,  but  not  so  far  as  it  would  be  if  it  depended  on  the  cyclone 
arising  from  the  temperature  disturbance  alone. 

76.  From  the  first  of  the  preceding  tables  it  is  likewise  seen  that  there  is  a  temperature  dis¬ 
turbance  ill  the  northern  part  of  the  Pacific  Ocean,  though  less  than  in  the  Atlantic,  which  must 
give  rise  to  a  fixed  cyclone  and  an  area  of  lower  mean  annual  barometric  pressure  than  the  normal  of 
the  latitude.  From  Chart  I,  Part  I,  it  is  seen  that  observation  gives  such  an  area  of  barometric 
depression.  The  depression,  however,  in  this  case  may  be  due  in  great  part,  if  not  mostly,  to  the 
gyrations  produced  by  the  deflections  of  the  continents,  as  explained  in  the  case  of  the  Atlantic 
under  similar  circumstances.  These  deflections  are  without  doubt  much  greater  here  than  in  the 
Atlantic  on  account  of  the  high  range  of  the  mountains  so  near  the  Pacific  coast.  In  this  ocean 
w  e  likewise  have  a  higher  mean  annual  barometric  pressure  than  the  average  of  the  latitude  extend¬ 
ing  nearly  across  the  ocean,  and  a  system  of  winds  over  the  whole  ocean,  similar  to  that  of  the 
Atlantic,  all  of  which  are  explained  in  the  same  manner  as  those  of  the  Atlantic. 

77.  In  the  interior,  or  rather  on  the  east  side,  of  Asia,  it  is  seen,  from  the  table  of  residual 
mean  annual  temperatures  already  referred  to,  that  there  is  an  area  of  low  temperature  relatively 
to  the  a  verages  of  ihe  latitudes.  This  area  is  very  irregular  and  furnishes  only  very  imperfectly 
the  conditions  of  a  fixed  cyclone  with  a  cold  center;  besides  the  area  is  too  large  to  give  these  con¬ 
ditions  accurately,  for  reasons  given  in  §  1.  If  we  had  the  complete  conditions  of  a  cyclone,  the 
cyclonic  gyrations  around  the  center  of  this  area  according  to  the  theory  of  this  kind  of  cyclones, 
would  probably  cause  a  diminution  of  the  barometric  pressure  at  the  central  cold  area,  as  in  the 
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cases  of  the  great  hemispherical  cyclones,  in  which,  especially  that  of  the  southern  hemisphere, 
there  is  a  depression  of  the  barometer  over  the  central  cold  area;  but  on  account  of  the  imperfec¬ 
tion  of  the  conditions  in  this  case  the  greater  mean  annual  pressure  due  to  the  less  mean  annual 
temperature  is  but  little  affected  from  this  cause.  It  is  seen  from  Chart  I,  Part  I,  that  the  center  of 
the  area  of  high  mean  annual  barometric  pressure  is  much  further  west  than  that  of  the  center  of 
the  relatively  cold  area,  and  it  would  therefore  seem  that  it  must  be  due,  at  least  in  part,  to  some 
other  cause.  It  is  no  doubt  caused  in  part  by  the  overlapping  of  the  areas  of  high  barometer 
surrounding  each  of  the  permanent  cyclones  of  the  northern  parts  of  the  two  great  oceans. 

In  the  northern  part  of  North  Americii  we  have  somewhat  similar  conditions,  but  the  area  of 
relative  cold  and  the  amount  of  temperature  disturbance  are  much  less,  and  consequently  the 
mean  annual  pressure  is  less  than  in  Asia,  and  the  area  of  high  barometer  relatively  to  the  aver¬ 
ages  of  the  latitude  is  of  less  extent. 

In  the  northern  part  of  Africa  we  have  a  somewhat  circular  area  of  relatively  high  tempera¬ 
ture,  but  the  center  being  very  near  the  equator,  it  cannot  give  rise  to  any  cyclonic  effect,  and  the 
corresponding  low  barometer  of  this  area,  shown  by  the  chart,  is  due  entirely  to  the  greater  rare¬ 
faction  of  the  air. 

78.  We  now  come  to  the  consideration  of  the  local  disturbances  of  barometric  pressure  in  the 
northern  hemisphere  and  the  corresponding  disturbances  of  the  general  motions  of  the  atmosphere, 
for  January,  due  to  the  residuals  of  temperature  given  in  the  second  of  the  preceding  tables.  It 
is  seen  from  the  tables  that  the  distribution  of  these  residuals  for  January  is  somewhat  similar  to 
those  of  the  mean  temperatures,  but  that  they  are  in  general  more  than  twice  as  large.  The  effects 
of  these  residuals,  then,  on  the  pressure  of  the  atmosphere  and  the  general  motions  of  the  atmos¬ 
phere  for  January,  as  treated  of  and  given  in  the  first  part  of  these  Reseanjhes,  must  also  be  similar, 
but  in  general  about  twice  as  great.  Accordingly  we  have  at  this  season  of  the  year  the  two  great 
cyclones  of  the  northern  parts  of  the  Atlantic  and  Pacific  Oceans  very  similar  to  those  belonging 
to  the  season  of  mean  annual  temperatures  and  pressures,  but  with  a  violence  and  barometric 
pressure  about  twice  as  great.  The  mean  annual  pressure  at  Iceland  is  about  754"’"’,  while  the 
average  of  the  latitude  Bo,  Table  X,  Part  I,  is  758.2'""’,  and  hence  a  depression,  due  to  the  residual 
temperatiu-es  of  Table  I,  of  more  than  4""".  In  January  the  pressure  at  Iceland  is  only  about  750"’“, 
while  the  average  of  the  latitude  for  this  season,  by  the  table  just  referred  to,  is  Bo  +  Bi  =  758.2 
+  0.6  =  758.8,  and  hence  the  amount  of  depression  due  to  the  residuals  of  temperature,  not  con¬ 
sidered  in  the  averages  for  the  latitude,  is  nearly  9““  at  this  season,  and  a  little  more  than  twice  as 
great  as  in  the  case  of  the  mean  annual  temperatures  and  pressures.  In  the  Pacific  Ocean  the 
barometric  depression  is  not  quite  so  great,  but  it  is  about  twice  as  much  in  January  as  for  the 
mean  of  the  year. 

A  part  of  these  barometric  depressions,  as  in  the  case  of  the  mean  annual  depressions,  is  like¬ 
wise  due  to  the  gyrations  arising  from  the  deflections  of  the  general  motions  of  the  atmosphere  by 
the  continents,  and  perhaps  in  case  of  the  Pacific  the  greater  part;  and  since  these  general  motions 
are  much  increased  in  January  above  the  average  or  mean  of  the  year,  the  part  of  these  depressions 
due  to  this  cause  should  be  much  increased  also  in  January.  On  account  of  these  great  depressions 
in  January  in  the  northern  parts  of  these  oceans,  the  gradients  of  the  middle  latitudes  of  these 
oceans,  especially  of  the  Atlantic,  become  very  steep,  since  they  combine  with  the  gradient  of  these 
latitudes  belonging  to  the  general  pressure  of  the  atmosphere  or  that  of  the  great  hemispherical 
cyclone  with  its  center  at  the  pole,  and  hence  the  west  and  southwest  winds  of  these  latitudes  in 
January  are  unusually  strong. 

As  seen  from  Table  X,  Part  I,  the  average  pressure  of  the  latitude  for  January  is  Bo  -f  Bi,  in 
which  Bi  has  a  positive  value,  except  in  the  extreme  north  and  south  latitudes  of  the  hemisphere, 
with  a  maximum  of  1.66““.  Hence,  where  the  depression  caused  by  these  cyclones  is  equal  to  Bi  there 
is  no  annual  inequality  though  there  may  be  a  small  semi-annual  one.  This  line  of  no  annual  inequal¬ 
ity  is  laid  down  from  observation  on  Chart  III,  Part  I,  designated  by  0.  The  effect  of  these  strong 
cyclones  in  January,  in  depressing  the  barometer,  extends  beyond  these  lines  surrounding  them, 
and  consequently  nearly  to  the  equator.  The  annuli  of  higher  barometer,  therefore,  surrounding 
these  cyclones,  and  superimposed  on  the  various  irregularities  from  other  causes,  is  thrown  out  to 
a  great  distance  over  the  continents,  and  the  area  becomes  so  great,  and  the  cyclonic  conditions  on 
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this  ac(*oiiiit  so  imperfect,  that  this  auuuliis  is  very  imperfectly  formed  in  this  case,  especially  near 
the  equator,  where  the  forces  on  which  it  depends  vanish. 

79.  It  is  seen  from  the  second  of  the  preceding  tables  that  in  January  the  residuals  of  tem¬ 
perature  over  a  very  large  area,  with  its  center  on  the  eastern  side  of  Asia,  and  over  a  much  smaller 
area  in  the  northeni  part  of  North  America,  are  negative,  and  hence  these  areas  at  this  season  are 
r«*latively  cold  ones.  These  give  very  imperfectly  the  conditions  of  a  cyclone  with  a  cold  interior. 
If  these  coiiditioiH  were  perfect,  and  especially  if  they  were  on  sea  instead  of  land,  the  cyclonic 
gyrations  around  the  center  might  so  depress  the  barometer  in  the  interior  as  to  nearly  or  quite  coun¬ 
teract  the  effect  on  the  barometer  due  to  the  increased  density  from  cold,  as  we  see  in  the  two  great 
hemispherical  cyclones  in  which  the  effect  of  the  gyrations  is  greater  than  that  of  the  greater 
density  of  the  air,  (‘s|5ec:ally  in  the  southern  one,  where  the  barometer  in  the  polar  regions  is  very 
much  lower  than  at  the  equator.  There  is  no  doubt  some  cyclonic  effect  in  these  regions  and  some 
depression  of  the  barometer  from  this  cause,  imperfect  as  the  conditions  are,  but  the  effect  of  the 
greater  density  from  cold  is  much  greater,  and  hence  in  these  regions,  especially  in  Asia,  the 
barometer  stands  unusually  high  in  January. 

80.  From  the  last  of  the  preceding  tables  it  is  seen  that  the  temperature  residuals  for  July  are 
generally  small.  In  the  northern  parts  of  the  Atlantic  and  Pacific  Oceans,  where  in  January  we 
had  the  conditions  of  cyclones,  the  effects  of  which  caused  great  barometric  depressions,  we  have 
now  very  nearly  the  average  temperatures  of  the  latitude,  and  hence  no  conditions  giving  rise  to 
cyclones  and  barometric  depressions  over  these  regions.  Hence  the  great  barometric  depressions 
which  prevailed  here  in  January  have  now  very  nearly  vanished,  and  the  barometric  gradients  dis¬ 
appeared,  as  is  seen  from  an  inspection  of  Chart  VI,  Part  I,  and  the  strong  west  winds  which 
prevail  in  the  middle  latitudes  on  the  Atlantic  and  Pacific  Oceans  in  January  are  now  of  very 
little  force,  as  is  indicated  by  the  width  between  the  isobars  and  consequent  smallness  of  the  gra¬ 
dients.  The  barometric  pressure  at  Iceland,  where  in  January  it  was  very  much  depressed,  is 
now  exactly  equal  to  the  average  of  the  latitude,  which  is  Bq  —  Bi  of  Table  X,  Part  I,  and  hence 
there  is  no  cyclonic  action  and  depression  from  this  cause,  and  the  gradients  of  the  middle  latitudes 
of  the  Atlantic  are  simply  those  of  the  average  of  all  latitudes  belonging  to  the  great  polar  cyclone 
existing  at  this  season,  with  a  small  barometric  depression  over  the  polar  regions.  The  effect  of 
the  great  cyclone  in  the  winter  season,  with  its  center  near  Iceland,  no  doubt  extends  to  the 
equator  and  causes  the  position  of  the  calm  belt  there  on  the  Atlantic  to  be  a  little  fiirther  south 
than  it  otherwise  would  be.  This  effect,  added  to  the  general  oscillation  of  this  belt,  observed  all 
around  the  globe  and  theoretically  explained  in  §23,  causes  an  unusual  amount  of  oscillation  of  this 
belt  on  the  Atlantic  with  the  changes  of  the  seasons. 

Over  Europe,  Asia,  and  North  America,  now,  the  temperature  is  much  greater  than  on  the 
oceans,  and  considerably  above  the  average  of  the  latitudes,  and  hence  the  temperature  residuals 
are  positive,  and  cause  a  depression  of  the  barometer  below  the  average  pressures  of  the  latitudes 
given  by  Bo  —  Bi  by  the  greater  rarefaction  of  the  air  mostly,  since  these  residuals  are  not  so  dis¬ 
tributed  as  to  furnish  conditions  which  can  give  rise  to  much  cyclonic  action. 

Over  the  region  of  Hudson’s  and  Baffin’s  Bay,  and  Greenland,  and  in  the  middle  of  the  Pacific 
Ocean,  on  latitude  30^,  the  residuals  are  somewhat  large  and  negative,  indicating  that  the  temper¬ 
atures  of  these  regions  in  July  are  colder  than  the  average  of  the  latitudes,  and  hence  the  barometric 
pressures  here  should  be  greater  than  the  averages  of  the  latitude,  given  by  Bo  —  Bi,  and  observation 
shows  that  this  is  the  case,  as  may  be  seen  by  comparing  Chart  VI ,  Part  I,  with  the  value  of  Bo  —  Bi 
given  by  the  table  before  referred  to.  These  areas  of  negative  residuals  are  somewhat  circular,  and 
hence  furnish  roughly  the  conditions  of  a  cyclone  with  a  cold  center,  and  there  is  probably  some 
cyclonic  action  and  depression  of  the  barometer  from  this  cause,  since  the  barometer  over  these  regions 
does  not  differ  much  from  the  average  of  the  latitude,  while  the  temperatures  differ  considerably. 

81.  We  have  now  seen  how  little  the  differences  of  barometric  pressure  over  the  globe  in 
the  same  season  of  the  year,  and  at  the  same  place  in  different  seasons  of  the  year,  depend 
directly  on  mere  differences  and  changes  of  temperature,  and  how  entirely  out  of  proportion  it 
js  to  these  differences  and  changes.  At  the  polar  regions,  especially  those  of  the  southern 
hemisphere,  where  there  is  the  greatest  cold,  the  barometric  pressure  is  the  least,  and  over  the 
northern  hemisphere  generally  the  great  changes  of  temperature  from  January  to  July,  taking 
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the  averages  for  the  several  latitudes,  produce  at  the  maximum,  on  the  parallel  of  about  35^, 
a  change  of  only  about  3' in  the  barometric  pressure ;  and  near  the  pole  of  the  northern  hem¬ 
isphere,  where  this  change  from  winter  to  summer  is  still  greater,  and  on  certain  lines  surrounding 
the  northern  parts  of  eacli  ocean  of  this  hemisphere,  as  laid  down  on  Chart  III,  Part  I,  the 
annual  change  of  barometric  pressure  entirely  vanishes.  This  disproportion  between  tempera¬ 
ture  and  barometric  pressure  is  because  the  barometric  gradients  in  perfect  cyclones  depend 
almost  entirely  on  the  cyclonic  gyrations  of  the  atmosphere,  and  not  upon  the  temperature 
gradients,  as  has  been  shown  by  theory  in  §  19,  and  the  amount  of  barometric  depression  in  the 
interior  of  a  cyclonic  system  with  a  cold  center  should  be  as  great  as  in  the  case  of  one  with  a  warm 
center,  except  so  far  as  the  slight  imperfections  of  the  theory  with  regard  to  effects  of  friction 
are  concerned.  In  the  two  great  hemispherical  cyclones  with  the  cold  poles  of  the  earth  at  the 
center,  considering  only  the  average  temperature  of  the  latitude,  we  have  a  near  approximation  to 
a  perfect  cyclonic  system,  except  so  far  as  inequalities  of  surface  are  concerned,  and  hence  there 
is  a  diminution  of  pressure  at  the  poles  in  proportion  to  the  amount  of  cyclonic  motion  produced, 
and  that  this  depends  very  much  on  the  regularity  and  smoothness  of  the  surface  is  seen  from  the 
differences  of  the  gyrations  and  consequent  pressures  in  the  polar  regions  of  the  two  hemispheres. 

When  we  come  to  consider  the  effects  of  the  residuals  of  temperature,  not  taken  into  account 
in  the  consideration  of  the  two  great  hemispherical  cyclones,  they  mostly  furnish  very  imperfectly, 
if  at  all,  the  conditions  of  a  perfect  and  regular  cyclone,  so  that  the  cyclone  theory  cannot  be  in 
general  atiplied  to  them  with  any  degree  of  accuracy,  and  therefore  the  colder  areas,  with  refer¬ 
ence  to  the  average  for  the  latitudes,  give  an  increased  barometric  pressure,  since  the  effect  of 
cyclonic  action  is  not  sufficient  to  decrease  the  pressure  in  the  central  part  as  much  as  it  is  increased 
by  diminution  of  temperature. 

82.  In  the  southern  hemispliere  there  is  in  general  very  little  variation  of  temperature  in  longi¬ 
tude.  and  hence  the  residuals  of  temperature,  positive  and  negative,  such  as  given  in  the  preceding 
tables  for  the  northern  hemisphere,  are  generally  small.  The  great  hemispherical  cyclonic  system, 
therefore,  with  its  low  barometer  in  the  polar  regions  and  its  annulus  of  high  barometer  around 
the  globe,  having  its  maximum  about  the  parallel  of  30®,  is  very  little  disturbed  by  local  irregu¬ 
larities  of  temperature,  the  belt  of  high  barometer  being  only  broken  up  a  little,  mostly  in  the 
summer  season,  by  the  greater  mean  temperature  of  South  America,  Africa,  and  Australia.  As  in 
the  northern  hemisphere,  the  gyrations  arising  from  the  deflection  of  the  general  currents  of  the 
atmosphere  by  the  continents  no  doubt  produce  considerable  effect,  especially  those  arising  from 
the  deflections  of  the  high  range  of  the  Andes  in  South  America,  since  these  general  currents  in 
this  hemisphere  are  very  strong.  We  have  thus  in  the  South  Atlantic,  as  in  the  North  Atlantic, 
an  area  of  increased  barometric  pressure  from  this  cause  with  its  center  near  the  parallel  of  3(P, 
and  likewise  west  of  the  continent  of  South  America  on  the  same  latitudes.  There  is  likewise  a 
deflection  of  the  westward  currents  of  the  South  Indian  Ocean  by  the  east  coast  of  Africa  down 
by  Madagascar  and  Mauritius  Islands,  which  passes  on  down  into  the  general  eastward  current  of 
the  middle  latitudes,  but  a  branch  of  it  passes  around  west  of  Australia  to  join  again  the  westward 
current,  thus  causing  a  slight  gyration  around  an  area  with  its  center  midway  between  Australia 
and  Africa,  and  on  the  parallel  of  about  30^,  and  consequently  an  area  with  a  barometer  a  little 
higher  than  the  average  of  the  latitude.  Hence  on  the  southern  hemisphere,  as  in  the  northern, 
there  are  currents  of  atmosphere  on  the  eastern  sides  of  the  continents,  passing  from  the  lower  to 
the  higher  latitudes  through  the  belt  of  generally  higher  barometer  with  its  maximum  about  the 
parallel  of  3(P, 

In  this  hemisphere  the  general  change  of  temperature  from  winter  to  summer  is  small,  but  it 
is  sufficient  to  produce  a  proportionate  effect  upon  the  strength  of  the  great  cyclone  system,  in¬ 
creasing  it  in  winter  and  decreasing  it  in  summer,  and  this  in  winter  increases  the  barometric 
gradients  and  the  height  of  the  belt  of  high  barometer,  but  depresses  the  barometer  in  the  polar 
regions,  and  in  summer  the  reverse.  But  in  winter  the  amount  of  atmosphere  in  either  hemisphere 
is  greater,  since  the  opposite  hemisphere  is  then  warmer,  and  the  air  expands  and  a  portion  flows 
over  into  the  colder  hemisphere,  so  that  the  general  or  average  height  of  the  barometer  is  increased 
from  this  cause  in  the  winter  and  diminished  in  summer.  The  greater  pressure  in  winter  of  either 
hemisphere,  arising  from  this  cause,  is  increased  in  the  latitudes  of  the  belt  of  high  barometer  by 
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the  greater  activity  of  the  general  hemispherical  cyclone,  but  decreased  in  the  polar  regions, 
where  the  effect  of  the  former  cause  may  not  only  be  destroyed  but  reversed.  Hence  the  barometer 
in  either  hemisphere  is  in  general  higher  in  winter  than  in  summer,  not  considering  inequalities 
in  longitude;  but  this,  according  to  theory,  may  be  reversed  in  the  polar  regions.  This  is  shown  by 
observation  to  be  the  case,  as  is  seen  from  Table  X,  Part  I,  in  which  it  is  seen  that  the  value  of 
Bi,  the  coefficient  of  annual  inequality,  is  reversed  at  tbe  parallel  of  about  78^  in  the  northern 
hemisphere,  and  on  the  parallel  of  55^  in  the  southern  hemisphere. 

83.  According  to  §  30  the  interior  of  an  ordinar^^  progressive  cyclone  is  generally  a  region  of  cloud 
and  rain,  especially  if  the  air  is  moist  and  the  cyclone  has  continued  in  action  until  the  moist  air  of 
the  surface  arises  by  means  of  tbe  interior  gently  Jiscending  currents  until  it  arrives  at  a  height  at 
which  the  aqueous  vapor  is  condensed.  That  the  interior  of  a  cyclone  is  in  general  an  area  of 
cloud  and  rain  is  too  well  known  to  ordinary  observation  to  need  any  proofs  from  regular  series  of 
observations.  In  a  perfect  cyclone,  in  an  atmosphere  without  progressive  motion,  the  area  of  cloud 
and  rain  would  be  circular,  with  its  center  at  the  center  of  the  cyclone;  but  when  the  atmosphere 
has  a  progressive  motion  in  any  direction,  by  §  36,  this  area  should  be  somewhat  elliptical  with  the 
longer  axis  nearly  in  the  direction  of  the  progressive  motion  of  the  atmosphere,  and  also  nearly  in  the 
direction  of  the  progressive  motion  of  the  cyclone,  since  the  latter  depends  very  much  upon  the  former. 
Loomis  has  shown  from  the  Signal  Service  observations  that  the  figure  of  the  whole  rain  area  is 
generally  of  an  oval  form.  He  also  ascertained  the  longer  and  shorter  diameters  of  a  number  of 
rain  areas  in  which  the  dei>th  of  rain  was  at  least  one  inch  during  the  preceding  eight  hours,  and 
of  others  in  which  the  depth  was  at  least  a  half  inch  during  that  time.  (Silliman’s  Journal,  July, 
1877,  p.  3.)  With  regard  to  these  he  remarks:  “The  form  of  these  rain  areas  is  sometimes  quite 
irregular,  but  generally  it  approximates  to  an  ellipse,  of  which  the  major  axis  is  not  quite  double 
the  minor  axis.” 

Since  the  cloud  from  which  the  rain  falls  is  being  continually  carried  forward  by  the  upper 
stronger  currents  of  the  atmosphere’s  progressive  motion,  in  advance  of  the  gyrations  of  the  lower 
part  of  the  atmosphere,  the  center  of  rain  area  should  fall  in  advance  of  the  center  of  the  area  of 
low  barometer.  Loomis  found,  for  the  average  of  38  cases  which  he  examined,  that  “the  average 
distance  of  the  center  of  greatest  rainfall  from  the  center  of  low  pressure  for  the  cases  north  of 
latitude  36^  is  300  miles,  but  it  sometimes  exceeds  750  miles.”  This  rainfall  was  for  the  preceding 
eight  hours.  From  this  should  be  deducted  the  progressive  motion  of  the  area  of  low  barometer 
in  four  hours,  say  100  miles,  in  order  to  hav^e  the  simultaneous  distance  of  rain  center  from  the 
center  of  area  of  low  pressure,  which  would  leave  it  on  the  average  a’jont  200  miles. 

The  direction  of  the  storm’s  path  coincides  very  nearly  with  the  direction  of  the  axis  of  rain 
area.  For  the  average  direction  of  X.  44°  E.  of  the  storm’s  path,  Loomis  found,  from  three  years’ 
observations,  the  average  direction  of  the  axis  of  rain  area  X.  53^  E.,  and  for  the  average  direction 
of  X.  111^  E.  for  the  former,  he  found  X.  lljo  E.  for  the  latter.  Hence  the  directions  in  all  cases 
are  very  nearly  the  same,  and  no  doubt  that  of  the  average  direction  of  the  progressive  motion  of 
the  atmosphere,  especially  of  the  cloud  region  in  each  case. 

According  to  theory,  §  36,  the  forms  of  the  isobars  should  also  have  an  ov^al  figure,  with  the 
longer  axis  somewhat  in  the  direction  of  the  axis  of  rain  area  and  of  the  progressive  motion  of  the 
cyclone  or  area  of  low  barometer.  Loomis  found  the  forms  of  these  isobars  to  varj-  much  in  form. 
In  some  cases  they  were  nearly  circular,  but  7  per  cent,  of  them  were  four  times  as  long  as  wide, 
20  per  cent,  three  times,  and  47  per  cent,  double.  He  remarks:  “  The  average  form  of  the  isobars 
about  the  storm’s  center  may  be  said  to  be  an  irregular  oval,  whose  length  is  nearly  double  its 
breadth.”  (Sillimau’s  Journal,  July,  1875.) 

The  preceding  results  from  observations,  especially  the  distance  at  which  the  center  of  rain 
area  falls  in  advance  of  the  storm  center,  seem  to  indicate  an  enormous  inclination  of  the  axis  of 
the  storm  forward  at  the  top,  which  is  entirely  inconsistent  with  the  hypothesis  of  its  inclination 
backwarl.  But,  in  accordance  with  §  37,  there  can  be  but  little  inclination  of  the  real  axis  of  the 
gyrations,  and  the  center  of  cloud  and  rain  is  carried  forward  in  advance  of  this. 

84.  In  101  cases  of  low  barometer  in  which  the  amount  of  rain  did  not  amount  to  one- eighth 
of  an  inch,  Loomis  found  that  more  than  one-half  showed  a  pressure  less  than  29.70  inches;  more 


Digitized  by  t^ooQle 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


239 


than  one-third  were  below  29.60  inches,  and  nearly  one-fourth  of  the  cases  were  below  29.50  inches. 
He  says:  ‘‘There  seems  to  be  no  room  for  doubt  that  barometric  minima  sometimes  form  with  very 
little  rain,  and  continue  without  any  considerable  rain  for  ei^fht  hours,  and  sometimes  for  twenty- 
four  hours  and  longer.  These  barometric  minima  seldom  continue  stationary  for  eight  hours,  but 
almost  invariably  travel  to  the  eastward.^  His  final  conclusion  is  that  ^‘rainfall  is  not  essential  to 
the  formation  of  areas  of  Imc  barometer^  and  is  not  the  principal  cause  of  their  formation  or  of  their 
progressive  motion.'^  (Sill.  Jour.,  July,  1877.)  This  is  strictly  in  accordance  with  the  theory  of  §  29 
In  the  cases  of  areas  of  low  bjirometer  without  rain,  these  low  areas  arise  from  cyclonic  motions 
due  to  the  temperature  disturbances  arising  from  the  primary  causes,  and  these,  according  to  the 
theory,  must  always  exist  to  a  certain  extent  before  the  secondary  cause  arising  from  the  condensa¬ 
tion  of  aqueous  vapor  can  take  place.  It  does  not  seem,  however,  that  these  areas  of  low  barom¬ 
eter  without  rain  continue  very  long,  or  that  the  barometer  ever  becomes  very  low,  and  we  could 
not  infer  that  this  would  be  the  case  from  theoretical  considerations.  Progressive  cyclones  of  long 
continuance,  and  traveling  over  long  distances,  must  be  accompanied  by  considerable  rain,  as  we 
always  find  to  be  the  case;  for  the  temperature  disturbance  due  to  the  primary  causes  which  first 
originate  the  cyclone  must  soon  be  lost,  and  then  the  cyclone  must  depend  for  its  support  upon 
the  caloric  of  condensation,  and,  as  we  have  seen,  even  this  fails  when  there  is  not  a  sufficiently 
gr(‘at  ratio  of  diminution  of  I  he  temperature  of  the  different  strata  with  the  altitude.  Even  when 
the  air  is  saturated  with  vapor,  if  we  do  not  have  the  latter  condition  with  it,  we  do  not  have  the 
condition  of  a  cyclone  where  the  primary  causes  of  disturbance  are  wanting ;  we  simply  have  the 
condition  of  a  very  damp  and  oppressive  atmosphere  from  which  no  rain  falls,  because  the  cyclonic 
condition  of  (32)  is  not  satisfied,  and  hence  no  upward  currents  to  carry  the  almost  saturated  air 
where  the  vapor  can  be  condensed. 

Although  cyclonic  areas  are  generally  areas  of  cloud  and  rain,  yet  the  reverse  of  this  is  not 
true,  for  the  areas  of  rarefied  air  arising  from  the  primary  causes,  and  giving  rise  to  ascending 
currents  and  rain,  may  be  so  irregular  in  form  as  not  to  satisfy  the  conditions  of  a  cyclone,  except  so 
imperfectly  as  not  to  give  rise  to  much  cyclonic  action,  and  then  we  generally  have  long-continued 
moderate  rains  without  much  wind. 

Sometimes  there  are  several  rain  centers  within  the  area  of  low  barometer,  and  they  are  some¬ 
times  found  in  the  areas  of  high  barometer,  and  there  are  also  centers  in  the  area  of  low  barometer 
where  the  rain  is  in  greater  abundance  than  elsewhere.  This  simply  indicates  that,  in  accordance 
with  §  32,  cyclones  may  exist  within  cyclonic  systems,  and  so  in  the  areas  of  high  barometer,  and 
wherever  there  are  isolated  spots  of  rain  within  the  area  of  low  or  high  barometer,  or  places  where 
there  is  greater  abundance  than  elsewhere  in  the  area  pf  low  barometer,  we  have  the  evidence  of 
the  existence  of  a  smaller  cyclonic  system  within  a  larger  one. 

85.  According  to  the  theory  of  the  progressive  motions  of  cyclones  in  §  35,  every  cyclone 
originating  near  the  equator  should  first  be  carried  westward  and  toward  the  pole ;  then,  after 
arriving  in  the  middle  and  higher  latitudes,  should  be  carried  eastward  by  the  prevailing  currents. 
To  be  assured  that  this  is  the  case  it  is  only  necessary  to  glance  at  the  charts  which  we  now  have 
of  the  numerous  tracks  of  cyclones  originating  near  the  equator  in  all  longitudes  and  in  both  hem¬ 
ispheres.  But  on  account  of  the  various  modifying  influences,  stated  in  that  section,  there  is  a 
great  diversity  in  the  forms  of  these  tracks  and  the  velocities  of  progress  at  different  times  and 
places,  so  that  when  the  mariner  is  advised  of  the  approach  of  a  cyclone  in  the  distance  by  any 
of  the  usual  indications,  the  best  that  he  can  do  is  to  determine  the  probable  cause  and  velocity 
by  taking  the  aveiage  of  all  for  the  locality  and  the  season  of  the  year,  which  can  readily  be  done 
from  charts  upon  which  the  tracks  and  rates  of  progress  are  laid  down.  But  for  this  purpose  he 
should  have  charts  for  all  parts  of  the  globe  of  all  the  known  tracks  of  cyclones  given  for  the 
different  seasons  of  the  year,  for  they  change  considerably  with  the  seasons. 

There  are  certain  parts  of  the  globe  and  seasons  of  the  year  in  which  the  conditions  seem  to 
be  especially  favorable  for  the  originating  of  cyclones.  Of  the  well-developed  cyclones  which 
originate  near  the  equator,  and  usually  progress  in  a  somewhat  parabolic  orbit  into  high  latitudes, 
a  very  large  and  disproportionate  number  seem  to  originate  in  the  Atlantic,  a  little  north  ef  the 
equator,  and  almost  exclusively  in  the  latter  part  of  summer  and  the  first  part  of  autumn.  This 
admits  of  a  very  plausible  explanation.  According  to  the  theory  no  cyclone  can  originate  at  or 
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very  near  the  equator  (§  4).  The  region  of  the  trade-winds  of  the  Atlantic  are  also  unfavorable 
for  their  origination,  since  the  steady  currents,  mostly  near  the  surface  of  the  earth,  carry  the 
vapor  which  they  contain  into  or  near  the  belt  of  calm  and  cloud  before  it  rises  into  regions  where 
it  is  condensed  and  gives  out  its  latent  caloric,  upon  which  the  power  of  the  cyclone  very  much 
depends.  The  conditions  then  favorable  for  the  origination  of  a  cyclone  are  in  or  near  the  calm 
and  cloud  belt,  where  and  when  this  belt  is  at  some  distance  from  the  equator.  Now,  for  the 
theoretical  reasons  given  in  §  80,  the  calm-belt  is  farthest  from  the  equator  at  the  season,  or  very 
nearly,  when  these  cyclones  mostly  originate,  being  then  10*^  or  15^  from  the  equator,  and  when 
this  belt  recedes  toward  the  equator  the  conditions  become  so  unfavorable  that  no  cyclones  orig¬ 
inate  here. 

In  the  China  Sea  and  North  Indian  Ocean  the  equatorial  calm-belt  is  very  much  deranged  and 
broken  up  by  the  great  monsoons  arising  from  the  wide  range  of  annual  fluctuations  of  tempera¬ 
ture  in  the  interior  of  Asia.  According  to  Dove,  (Gesetz  der  Stiirme),  the  frequency  of  cyclones 
in  the  North  Indian  Ocean  has  two  maxima,  one  in  May  and  the  other  in  October.  These  are  the 
periods  of  the  breaking  up  and  changing  of  the  monsoons,  and  accordingly  then  the  conditions  are 
more  favorable  for  the  origination  of  cyclones,  according  to  §  83 ;  for  these  monsoons  are  simply 
the  exaggeration  of  the  trades  in  the  one  case  and  their  complete  reversal  in  the  other,  by  the  great 
temperature  disturbances  in  Asia.  In  the  China  Sea  the  cyclones  take  place  mostly  in  September 
and  October,  when  the  current  arising  from  the  great  indraft  into  Asia  ceases;  for  some  reason  few 
occur  at  any  other  season  of  the  year. 

86.  The  calm-belts  of  high  barometer  around  the  globe  with  their  maxima  on  the  parallels  of 
300  or  350  on  the  average,  do  not  furnish  favorable  conditions  for  either  the  origination  or  support 
of  cyclones,  since  it  is  a  belt  of  descending  currents,  or  rather  of  a  very  gradual  settling  down  and 
flowing  out  of  the  air  on  both  sides,  near  the  earth’s  surface,  and  hence  it  is  a  belt  of  very  dry 
atmosphere.  There  is  therefore  in  general  very  little  cyclonic  disturbance  either  in  this  belt  or  the 
belt  of  the  trades.  It  is  within  this  belt  of  high  barometer  and  the  trades  that  we  have  the  almost 
rainless  regions  of  Peru,  Nicaragua,  the  Sahara  or  Great  Desert  of  North  Africa,  and  of  Egypt, 
Arabia,  Persia,  &c.  Not  only  very  few  cylones  originate  in  this  belt,  but  there  seem  to  be  only  a 
few  gaps  where  those  originating  nearer  the  equator  can  get  through  into  the  higher  latitudes, 
notwithstanding  the  general  tendency  they  have  to  move  from  the  equatorial  toward  the  polar 
regions.  The  principal  reason  lor  this  is  that  this  belt  in  general  is  too  dry  to  supjmrt  a  cyclone 
while  it  is  making  its  way  through.  They,  therefore,  pass  through,  mostly,  if  not  entirely,  on  the 
east  sides  of  the  two  great  oceans,  those  of  the  North  Atlantic  in  the  region  of  the  Antilles,  Florida, 
&c.,  and  those  of  the  North  Pacific  Ocean  in  the  region  south  and  east  of  China  and  Japan.  Here 
the  northern  tendency  of  the  air  on  the  east  sides  of  the  areas  of  high  barometer  in  these  oceans, 
as  observed  and  explained  by  theory  in  §  74,  not  onl^-  aids  the  cyclones  in  passing  through  toward 
the  polar  regions,  but  it  carries  warmth  and  moisture  with  it  for  their  support.  It  is  only  at  these 
l)laces  that  the  warm  and  moist  air  of  the  equatorial  regions  passes  into  the  middle  and  higher 
latitudes;  for  the  general  returning  or  anti  trade  currents  of  the  upper  regions  are  both  cold  and 
dry.  The  warmer  water  of  the  Gulf  Stream  in  the  Atlantic,  and  of  the  coiTesponding  current  of 
the  Pacific,  is  supposed  to  have  considerable  influence  upon  these  cyclones,  and  the}’  no  doubt,  aid 
them  some,  and  in  some  measure  determine  their  routes  and  directions;  but  if  we  examine  charts  of 
the  tracks  of  these  cyclones,  it  does  not  appear  that  their  inOuence  is  very  great. 

At  all  other  places  around  the  globe  the  cyclones  which  originate  a  little  north  of  the  equator 
seem  to  incline  toward  higher  latitudes,  but  the  tracks  laid  down  on  the  charts  are  in  all  cases 
short  ones,  and  none  of  them  extend  through  the  belt  of  high  barometer,  but  it  is  possible  that  the 
cyclones  may,  under  certain  unusually  favorable  circumstances,  get  through  into  the  higher  latitudes. 

The  progressive  velocities  of  the  cyclones,  while  near  the  equator,  is  not  nearly  so  great  as  it 
is  in  the  higher  latitudes.  The  reason  of  this  is  that  this  progressive  motion  at  first  is  nearly  west¬ 
ward  and  depends  mostly  upon  the  general  westward  motion  of  the  atmosphere,  which  is  very 
small,  except  near  the  earth’s  surface,  in  comparison  with  the  rapid  eastward  motion  in  the  middle 
and  higher  latitudes,  at  considerable  elevations,  upon  which  the  progressive  motions  of  the  cyclones 
there  depend.  At  the  vertices  of  the  parabolic  storm  tracks,  where  the  progressive  motion  is  directly 
toward  the  pole,  and  is  independent  of  the  east  and  west  motions  of  the  atmosphere,  but  dejpendB 
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entirely  upon  the  general  tendency  to  move  from  the  equator  toward  the  pole,  and  upon  the  gentle 
currents  in  the  same  directions  on  the  east  sides  of  the  oceans  where  the  cyclones  generally  if  not 
exclusively  make  their  way  through  toward  the  pole,  as  has  been  explained,  the  progressive  veloc¬ 
ities  of  the  cyclones  are  the  smallest,  as  theory  requires  and  as  observation  shows. 

87.  Excepting  the  cyclones  which  in  summer  and  autumn  originate  near  the  equator  and  pass  on 
the  east  sides  of  the  great  oceans  toward  the  pole,  the  cyclones  of  the  middle  latitudes  originate 
in  these  latitudes,  and  the  strong  eastward  tendency  of  the  general  motions  in  these  latitudes, 
especially  in  the  upper  regions,  in  which  the  condensation  of  vapor  and  the  power  of  the  cyclone 
is  mostly,  carries  the  cyclones  forward  in  this  direction,  the  velocities  and  directions  being  some¬ 
what  moiiified  by  the  seveml  other  circumstances  stated  in  §  35.  That  this  eastward  progressive 
motion  of  the  cyclones  depends,  in  some  measure  at  least,  on  these  general  eastward  inotious  of 
the  atmosphere,  is  shown  by  the  fact  that  the  progressive  motions  of  the  cyclones  eastw^ard  is 
greatest  in  winter  and  least  in  summer,  just  as  in  the  case  of  the  general  motions  of  the  atmosphere, 
as  shown  by  Table  XI,  Part  I.  This  is  shown  by  Loomis*  from  the  Signal  Service  observations, 
according  to  wdiich  the  velocities  in  the  United  States  are  nearly  one-half  greater  in  winter  than 
in  summer.  It  is  true  this  is  not  the  exact  proportion  in  which  the  general  eastward  motions  of 
the  atmosphere  of  winter  exceed  those  of  summer,  the  former  being  more  than  twice  as  great  as 
the  latter  according  to  the  table  referred  to,  but  the  progressive  motions  of  the  cyclones  in  sum¬ 
mer  are  increased  because  the  cloud  and  region  of  condensation  of  vapor  is  generally  higher  then 
than  in  winter,  and  hence  the  controlling  power  of  the  cyclones  being  up  where  the  eastward  motion 
is  greater,  the  cyclones  move  eastward  with  greater  velocity  on  that  account. 

If  we  examine  the  charts  of  the  United  States  Signal  Service  it  is  seen  that  while  the  tracks 
of  cyclones,  or  areas  of  low  barometer,  keep  somewhat  on  the  same  latitudes  across  the  American 
continent,  and  likewise  across  the  Atlantic,  in  winter  it  is  very  different.  At  this  season  most  of 
the  cyclones  originating  at,  or  arriving  at  the  western  coast  of  North  America  in  the  middle  and 
higher  latitudes,  seem  to  avoid  the  interior  of  the  continent  and  to  pass  in  a  southeasterly  direc¬ 
tion  on  the  west  side  of  the  continent  into  low  latitudes,  passing  around  by  Texas  or  the  Gulf  of 
Mexico,  along  the  eastern  side  of  the  United  States,  up  toward  Greenland  and  the  northern  part  of 
the  Atlantic,  and  crossing  it  at  a  higher  latitude  than  they  usually  do  in  the  summer  season. 

The  interior  of  North  America,  in  the  winter  season,  is  an  area  of  high  barometer,  very  dry 
and  cold.  If  a  cyclone  from  the  Pacific  could  be  carried  into  this  area  at  this  season  it  could 
scarcely  subsist  and  get  through  to  the  eastern  side.  Besides,  the  isotherms  at  this  season  run 
around  this  area  somewhat  as  the  tracks  of  the  cyclones  just  described,  leaving  the  colder  and 
dryer  region  on  the  left,  and  the  warmer  and  moister  one  on  the  right,  all  the  way  around.  Hence 
the  tracks  of  the  cyclones  follow  around  somewhat  in  the  directions  of  the  isotherms,  in  accord¬ 
ance  with  the  theory  in  §  34. 

88.  In  the  southern  hemisphere,  as  in  the  northern,  observation  shows  that  the  cyclones  origi- 
uating  a  little  south  of  the  equator,  likewise  tend,  in  connection  with  their  westward  motion,  to 
move  also  from  the  equator  toward  the  pole,  as  theoiy  requires,  but  that  they  cannot  in  general 
get  through  the  belt  of  high  barometer  and  dry  atmosphere  with  its  middle  about  the  parallel  of 
30^,  except  on  the  eastern  sides  of  the  continents  where  there  are  slight  currents  passing  from  the 
tropical  to  the  middle  latitudes,  aiding  the  progress  of  the  cyclones  in  that  direction  and  carrying 
aqueous  vapor  for  their  support.  Hence  all  the  cyclones  originating  in  the  region  of  the  South 
Indian  Ocean,  between  the  equator  and  the  tropic,  are  carried  westward  until  they  arrive  where  the 
currents  are  deflected  southward  by  the  continent  of  Africa  by  which  they  are  enabled  to  pass 
through  into  the  strong  eastward  current  of  the  middle  latitudes,  where  they  are  rapidlv  carried 
eastward.  The  vicinity  of  Mauritius  and  Madagascar  is,  therefore,  on  the  great  highway  of  these 
cyclones,  as  that  of  the  Antilles  and  Florida  in  the  northern  hemisphere  is  for  those  which  originate 
in  the  Atlantic  a  little  north  of  the  equator. 

These  cyclones  originate  mostly  during  the  summer  season  of  the  southern  hemisphere,  because 
then  the  great  northeast  monsoon  of  India  extends  considerably  south  of  the  equator,  becoming 
there  a  northwest  wind,  and  meeting  the  southeast  trades  10^  or  15°  south  of  the  equator,  and 
forcing  the  equatorial  calm-belt  down  to  these  latitudes.!  Hence  the  conditions  are  favorable  for 

*Silliinan’8  Journal,  February,  1880.  t  Winds  of  the  Globe,  Plate  VI. 
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tbe  origination  of  these  cyclones  only  at  this  season,  for  the  reasons  giv^en  in  §  85,  in  the  case  of 
the  cyclones  originating  north  of  the  equator  in  the  Atlantic. 

In  the  Atlantic  south  of  the  equator  there  is  another  area  of  higher  barometer  with  winds 
gyrating  somewhat  around  it,  as  there  is  north  of  the  equator,  giving  rise  to  a  gentle  current  on  the 
east  coast  of  South  America,  from  the  equator  loward  the  middle  latitudes;  as  there  is  at  the 
Antilles  and  the  southern  part  of  the  United  States ;  but  we  have  no  account  of  any  cyclones 
passing  from  the  latitudes  nejir  the  equator,  through  here  into  the  great  eastward  current  of  the 
middle  latitudes,  as  at  Madagascar  and  Mauritius  and  on  the  east  side  of  the  Atlantic  in  the 
northern  hemisphere.  The  reason  of  this  is,  that  the  southeast  trades  here  generally  extend  entirrfy 
across  the  equator,  and  even  during  the  summer  of  the  southern  hemisphere,  when  cyclones  origi¬ 
nate  in  the  South  Indian  Ocean,  the  trades  here  extend  almost  up  to  the  equator,  so  that  the  calm- 
belt,  in  or  near  which,  only,  these  cyclones  originate  when  it  is  sufficiently  far  from  the  eqnator,  is 
too  near  the  eqnator  for  cyclones  to  originate  in  the  part  of  the  Atlantic  immediately  south  of  the 
equator. 

89.  We  ha  ve  seen  that  in  both  hemispheres,  all  around  the  globe,  there  is  a  belt  of  high  barom¬ 
eter  w  ith  its  maximum  about  the  parallel  of  30^  or  35^,  but  that  the  barometer  stands  higher  on 
these  parallels  in  the  middle  of  the  great  oceans  than  on  and  neiir  the  continents  on  account  of  the 
gyrations  of  the  atmosphere  arising  from  the  deflections  of  the  continents,  causing  a  pressure  inward 
from  all  sides  on  account  of  the  force  arising  from  the  earth’s  rotiition.  These  areas  of  high  barom¬ 
eter,  as  is  the  case  in  areas  of  high  barometer  generally,  are  dry,  and  hence  cyclones  do  not  orig¬ 
inate  much  within  these  areas,  nor  can  they  generally  be  sui)ported  long  if  they  can  get  in  from 
without.  But  since  the  air  gyrates  somewhat  aiound  these  areas,  there  is  no  tendency  of  cyclones 
to  enter  them,  except  on  the  equatorial  sides,  since  there  the  general  tendency  of  cyclones  is  toward 
the  poles.  The  great  calm-belts  of  the  general  motions  of  the  atmosphere  of  these  latitudes  pass 
through  these  areas,  and  hence  they  are  areas  of  comparative  calm,  both  as  regards  the  general 
motions  of  the  atmosphere  and  likewise  cyclonic  disturbances.  The  general  tendency  of  cyclones 
is  to  skirt  around  areas  of  high  pressure,  since  there  are  currents  on  all  sides  around  them,  but  in 
these  cases  this  is  prevented  on  the  east  sides  of  them  by  tlie  general  tendency  of  cyclones  to  move 
toward  the  pole,  and  hence  the  cyclones  originating  near  the  equator  at  certain  seasons  only  of  the 
year  move  around  these  areas  of  high  x>ressure  on  the  equatorial,  western,  and  northern  sides. 
Over  the  whole  interior  of  these  areas,  therefore,  in  the  North  Atlantic  and  Pacific,  in  the  northern 
hemisphere,  and  the  South  Atlantic  and  Pacific  and  the  Indian  Oceans,  in  the  southern  hemisphere, 
there  is  little  danger  from  any  cyclonic  disturbances,  exc^ept  around  the  outskirts  during  the  cyplqpe 
season. 

The  progressive  velocities  of  cyclones  around  these  areas  are  difterent  in  different  oceans,  and 
in  diflhrent  parts  of  the  tracks  in  the  same  ocean.  On  the  equatorial  sides,  where  the  cyclones 
are  carried  westw  ard  by  the  general  westward  current,  the  velocities  are  greater  than  they  are 
where  the  cyclones  curve  around  into  tbe  higher  latitudes,  since  here  there  is  only  a  small  part 
of  the  general  westward  current  deflected  around,  and  consequently  the  velocity  of  the  atmos¬ 
pheric  current  is  very  small.  After  arriving  in  the  middle  latitudes,  where  the  general  eastward 
velocity  of  the  atmosphere  is  comparatively  great,  the  progressive  velocities  are  much  increased. 

The  Southern  Indian  Ocean  is  remarkable  for  the  small  progressive  velocities  of  its  cyclones. 
According  to  Piddington,  these  are  often  only  two  or  three  miles  an  hour,  especially  at  the  vertices 
of  the  parabolic  tracks  where  they  curve  around  into  the  middle  latitudes.  The  reason  of  this  is 
that  there  is  only  a  small  deflection  of  the  westward  currents  within  the  tropic  by  the  continent  of 
Africa,  and  hence  but  a  sbght  gyration  around  the  central  area  and  increase  of  barometric  pressure, 
so  that  tlie  cyclones  are  carried  around  very  slowly.  The  more  nearly  cyclones  can  get  within  the 
central  parts  of  these  areas,  the  slower  their  progressive  velocities;  and  it  therefore  sometimes 
happens  that  cyclones  in  the  Southern  Indian  Ocean  are  apparently  almost  stationary. 

The  cyclones  which  originate  in  the  middle  latitudes  at  all  seasons  of  the  year,  and  those  which 
come  through  into  these  latitudes  from  near  the  equator  at  certain  seasons,  are  carried  forward 
eastward  in  these  latitudes  until  they  die  out ;  but  here  likewise,  as  we  have  seen,  they  have  a 
tendency  to  skirt  around  the  area  of  high  pressure  and  dry  air  of  the  interior  of  North  America 
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in  the  winter  maeon  by  curving  around'  toward  the  equator,  and  they,  no  doubt,  have  the  same 
tendency  on  the  eastern  continent,  but  on  account  of  its  great  extent  they  probably  never  succeed 
in  getting  entirely  around. 

The  middle  latitudes  of  the  southern  hemisphere,  with  a  constant  eastward  current  at  the 
earth’s  surface  of  about  30  kilometers  per  hour,  and  much  greater  in  the  upper  regions,  with  scarcely 
any  interruption  firom  the  continents,  is  a  great  highway  for  cyclones,  which  move  with  a  great 
progressive  velocity,  often  perhaps  entirely  around  the  globe ;  and  touching  the  continents  at  Cape 
Horn  and  the  Cape  of  Good  Hope,  give  rise  to  the  great  storms  and  barometric  oscillations  which 
are  experienced  at  these  capes. 


CHAPTER  III. 


TORNADOES,  HAIL  STORMS,  AND  WATER  SPOUTS. 

90.  Tornadoes  are  simply  special  cases  of  cyclones,  governed  by  the  same  general  principles, 

and  the  conditions  are  in  geneial  represented  by  the  same  equations.  The  foundation,  th''refore, 
of  the  theory  of  tornadoes  has  already  been  laid  in  the  theory  of  cyclones  in  the  first  chapter,  so 
that  it  is  not  necessary  here  to  go  back  to  first  principles,  but  merely  to  adopt,  by  means  of  slight 
changes,  the  equations  there  given  to  the  special  case  of  tornadoes.  The  principal  feature  which 
distinguishes  tornadoes  from  what  are  especially  called  cyclones  is  the  smallness  of  their  extent, 
and  this  is  due  to  the  difference  in  the  initial  temperature  conditions  which  give  rise  to  each. 
These,  in  the  case  of  cyclones,  consist  in  gradients  of  increasing  or  decreasing  temperature  from 
the  center  to  the  external  part  of  a  somewhat  circular  area,  depending  mostly  upon  the  primary 
causes  of  temperature  disturbance,  the  range  of  which  is  represented  by  in  the  first  member 

of  (32),  and  as  a  disturbance  of  this  kind  must  generally  extend  over  a  considerable  area  the  dimen¬ 
sions  of  cyclones,  even  in  their  initial  stages,  must  be  correspondingly  large.  The  conditions  of 
tornadoes  depend  rather  upon  the  vertical  relations  of  temperature  between  the  different  strata  of 
the  atmosphere,  or  values  of  and  in  the  second  member  of  (32).  When  these  are  such  as  to  give 
a  state  of  unstable  equilibrium  of  the  atmosphere,  as  heretofore  explained,  we  have  a  condition  in 
which  a  tornado  is  liable  to  occur  at  any  moment  from  any  slight  local  temperature  disturbance  or 
mechanical  impulse,  which  gives  the  under  strata  a  little  greater  tendency  to  burst  up  through  the 
overlying  strata  at  any  one  point  than  anywhere  else.  Hence,  tornadoes  are  generally  of  very 
small  extent,  and,  although  very  similar  to  cyclones  in  many  respects,  they  form  a  distinct  class, 
and  it  can  scarcely  be  said  that  there  is  any  connecting  link  between  them  and  cyclones,  or,  in 
other  words,  that  the  smaller  cyclones  commence  where  the  larger  tornadoes  leave  off. 

91.  The  general  equations  of  a  cyclone  (1)  are  also  applicable  to  a  tornado,  but,  on  account  of 
the  small  extent  of  the  latter,  the  terms  in  those  equations  depending  upon  the  earth’s  rotation 
and  containing  w  as  a  factor  may  be  neglected  in  the  theory  of  tornadoes  without  sensible  error. 
At  the  distance  of  1,000  meters  from  the  center  of  a  tornado,  on  the  parallel  of  45^,  the  linear 
gyratory  velocity,  due  to  the  earth’s  rotation,  is  only  about  185  meters  per  hour,  or  0.05  of  a  meter 
per  second,  and  at  other  distances  nearer  the  center  less  in  proportion  to  the  distance.  This  is  so 
small  in  comparison  with  the  usual  velocities  in  tornadoes  that  it  may  be  neglected. 

Since  in  equations  (1)  the  plane  of  P'  and  origin  of  h  are  entirely  arbitrary,  we  can  put  P  for 
P',  and  if  the  quantities  in  the  equation  all  belong  to  the  same  stratum  h  vanishes.  Hence,  neglect¬ 
ing  the  term  dei)ending  upon  the  earth’s  rotation,  and  putting  for  v  its  value  in  (2),  we  get 

T 

=  ^  +  F,  +  D,^> 


(a) 


-  D,  log  P 

a 
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From  equations  of  (5)  and  (6),  neglecting  the  term  depending  upon  the  earth’s  rotation^  or  from 
the  last  of  the  preceding  by  neglecting  the  friction  term  F^,  and  integrating,  we  get 


{*•) 

in  which 

.  (^) 


=  rr  =  C 


the  notation  being  the  same  as  in  §  3.  The  value  of  O,  therefore,  in  this  case,  depends  upon  the 
sum  of  the  initial  moments  of  gyration  relative  to  the  earth’s  surface  around  the  center  of  the 
tornado,  and  is  independent  of  the  gyration  around  this  center  depending  upon  the  effect  of  the 
earth’s  rotation,  represented  by  the  terms  n  cos  In  cyclones,  we  have  seen,  this  term  deter¬ 
mines  the  manner  of  gyration  from  right  to  left  in  the  northern  hemisphere,  and  the  contrary  in 
the  southern ;  but  in  tornadoes  the  manner  of  gyration  depends  upon  the  sign  of  C,  and  conse¬ 
quently  upon  the  moments  of  g^Tation  which  the  air,  with  reference  to  the  center  of  the  tornado, 
may  have  at  the  time  of  the  origin  of  the  tornado.  The  sum  of  these  moments  can  rarely  happen 
to  be  exactly  0,  and  the  slightest  tendency  one  way  or  the  other  gives  rise  to  very  rapid  gyrations 
around  the  center  where  r  is  small,  as  must  be  seen  from  (ft).  This  is  exemplified  in  the  case  of  a 
large  fiat  basin  of  water  which  is  allowed  to  run  out  through  a  small  hole  in  the  center.  The  water 
may  have  no  perceptible  gyi*ation  or  motion  of  any  kind,  yet  near  the  center  it  will  generally  run 
into  a  g3a*ation  the  one  way  or  the  other.  The  case  is  somewhat  similar  in  a  tornado,  except  that, 
instead  of  running  down,  the  air  of  the  lower  strata,  in  a  state  of  unstable  equilibrium,  runs  up 
through  those  above  at  the  place  where  it  receives  its  first  impulse. 

92.  In  cyclones  the  gyrations,  since  they  depend  upon  the  earth’s  rotation,  are  kept  up  as  long 
as  there  is  an  interchanging  motion  between  the  central  and  exterior  part,  due  to  difference  ot 
temperature,  and  they  are  merely  modified,  but  not  entirely  destroyed,  by  friction.  They  there¬ 
fore  continue  as  long  as  the  difference  of  teinperature  and  the  radial  interchanging  motion  con¬ 
tinue,  and  hence  they  may  continue  for  a  long  time.  It  is  otherwise  with  tornadoes.  Since  the 
gyrations  in  these  depend  entirely  upon  the  initial  moments  of  gyration,  and  the  tendency  of 
friction  is  to  constantly  reduce  these,  and  consequently  the  gyratory  velocities,  the  air  is  soon 
brought  to  a  state  of  rest,  or  nearly  so,  and  the  course  of  the  tornado  is  run. 

If  the  sign  of  C  in  (e)  were  entirely  accidental,  and  not  determined  one  way  rather  than  the 
other  by  any  existing  circumstances,  the  gyrations  of  tornadoes  would  be  as  often  in  one  direction  as 
the  other.  This,  however,  docs  not  seem  to  be  the  case,  but  they  are  generally,  if  not  always,  in 
the  same  direction  as  those  of  cyclones.  The  reason  of  this  is  that  the  atmosphere  is  hardly  ever 
entirely  free  from  cj'Clouic  action,  which,  though  almost  or  quite  imi>erceptible,  is  yet  sufficient  to 
determine  the  manner  of  the  gyrations  of  a  tornado ;  for  in  order  to  do  this,  it  is  not  necessary  that 
the  center  of  the  tornado  should  coincide  with  the  center  of  cyclonic  action,  but  simply  that  it 
should  be  somewhere  within  the  area  of  the  gyrations. 

93.  In  a  cyclone,  we  have  seen  that  the  effect  of  the  term  depending  upon  the  earth’s  rotation 
causes  the  gyratory  velocity  at  the  same  distance  from  the  center  to  be  different  in  the  upper  and 
lower  strata.  In  tornadoes,  the  effect  of  this  term  being  insensible,  the  tendency  of  friction  is  to 
reduce  these  velocities,  where  different,  to  the  same,  except  near  the  earth’s  surfa4*e,  where  friction 
is  great,  and  where,  consequently,  the  gyratory  velocities  are  much  less.  Since  the  friction  term  in 
the  last  of  (a)  has  been  neglected  in  obtaining  ([»),  of  course  this  last  equation  is  not  strictly  appli¬ 
cable  in  the  cases  of  friction,  especially  very  near  the  center,  where  the  gyrations  are  very  rapid, 
and  consequently  friction  much  increased.  In  the  case  of  cyclones  we  have  seen  that  the  effect  of 
friction  is  very  great,  and  the  actual  velocities  of  gyration  fall  very  far  short  of  those  given  by  the 
hypothesis  of  no  friction.  But  a  cyclone  of  the  usual  dimensions  is  a  very  broad  flat  disk  of  atmos¬ 
phere,  very  many  times  greater  in  width  than  in  altitude,  especially  if  we  neglect  the  upper  very 
rare  part  of  it,  while  a  tornado  may  be  regarded  as  a  column  of  gyrating  air  in  which  the  altitude 
is  several  times  greater  than  its  diameter.  Hence,  while  the  gyrations  of  such  a  disk  are  very 
much  affected  by  friction,  those  of  a  tornado,  except  near  the  earth’s  surface,  are  affected  very 
little,  and  in  the  upper  regions  they  may  be  regarded  as  conforming  very  nearly  to  the  law  of  (6), 
and  consequently  the  gyratory  velocities,  at  different  distances  from  the  center,  are  very  nearly 
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Inversely  as  the  distance.  In  the  initial  stages,  however,  in  which  the  whole  energy  of  the  tornado 
is  mostly  spent  in  overcoming  the  inertia  of  the  air  and  in  producing  the  gyrations,  the  velocities 
of  gyration  above  and  below  may  be,  and  generally  are,  very  different,  and  at  different  distances 
from  the  center  do  not  at  all  conform  to  the  law  of  (b)^  since  they  then  depend  upon  the  initial 
gyrations  which  the  air  may  have ;  and  it  is  only  after  the  tornado  has  been  some  time  in  action,  in 
a  quiescent  atmosphere,  or  at  least  one  in  which  the  progressive  motions  of  the  strata  above  and 
below  are  the  same,  that  the  velocities  above  and  below,  except  near  the  earth’s  surface,  become 
nearly  the  same,  and  they  conform  approximately  to  the  law  of  velocities  inversely  as  the  distance. 

94.  Let  us  now  put  P«,  t\  equal  the  barometric  pressure  and  gyratory  velocity,  respectively,  at 
the  distance  r„  from  the  center  of  the  tornado.  We  then  get  from  (6),  after  the  initial  stages  of 
the  tornado — 


With  this  value  of  r  we  get  from  the  first  of  {a) 

(e)  ^  D^log  V  =  ^  —  D^u 

and  by  integration,  regarding  a  as  being  sensibly  indepemlent  of  r, 

(/)  log  P„-  log  P  =  J  +  a  J  (F„  +  D, «) 

in  which  and  P  are  both  at  the  same  altitude  and  the  value  of  a  is  given  in  (3).  The  last  term  of 
the  second  member  depends  upon  the  friction  and  the  inertia  of  the  air  in  its  radial  motion  toward 
or  fh)m  the  center,  and  is  generally  very  small,  especially  at  some  distance  above  the  earth’s  surface. 
The  C/quation  shows  the  relation  between  the  pressures  at  the  same  altitude  at  different  distances  from 
the  center.  Since  the  friction  of  the  gyratory  motion  has  been  neglected,  it  is  only  approximate, 
but  very  nearly  correct,  except  near  the  earth’s  surface.  The  value  of  r„,  therefore,  should  be  that 
existing  at  some  short  distance  above  the  earth’s  surface. 

95.  Besides  the  comparatively  small  amount  of  friction  in  a  tornado,  as  shown  in  §92,  there  is 
also  another  circumstance  which  causes  the  violence  of  a  tornado  to  be  much  greater  than  that  of 
a  cyclone.  It  is  seen  from  (9),  neglecting  n  cos  in  this  case,  that  the  force  which  overcomes  the 
friction  and  inertia  of  the  air,  in  the  gyrations  in  a  tornado,  depends  upon  w,  that  is,  the  velocity 
of  motion  toward  or  from  the  center.  Now,  in  an  ordinary  cyclone  we  have  seen  that,  in  consequence 
of  the  effect  of  the  earth’s  rotation,  the  gyratory  velocities  are  less  above  than  below  in  proportion 
to  the  amount  of  temperature  disturbance;  and  that  the  greater  part  of  the  force,  depending  upon 
the  temperature  gradient,  which  keeps  up  the  interchanging  motion  between  the  central  and 
external  part,  is  counteracted  by  this  difference  of  the  gyrations  above  and  below,  which  causes 
the  centrifugal  force  to  be  greater  below  than  above.  In  the  tornado,  however,  in  which  the  term 
depending  upon  the  earth’s  rotation  is  insensible,  the  velocity  of  the  gyrations  is  the  same  above  as 
below,  and  hence  the  full  force  due  to  the  temperature  gradient  is  spent  in  keeping  up  the  motion 
toward  the  center  below  and  from  it  above.  This  gives  a  greater  value  to  w,  and  hence  to  the  force 
which  overcomes  the  inertia  and  friction  in  the  gyratory  motion  of  a  tornado. 

96.  In  the  theory  of  the  general  motions  of  the  atmosphere,  and  also  in  that  of  cyclones,  the 
effect  upon  pressure  of  the  inertia  of  the  air  was  shown  to  be  so  small  that  it  could  be  neglected 
without  sensible  error,  but  in  tornadoes  the  velocities  are  frequently  so  rapidly  accelerated,  and 
consequently  the  effect  of  inertia  so  much  increased,  that  it  now  becomes  necessary  to  take  it  into 
account.  From  (8),  Part  I,  if  we  neglect  the  terms  depending  upon  the  earth’s  rotation,  and  regard 
P  simply  as  Sirising  from  gravity  and  the  inertia  of  the  air,  we  readily  obtain 

D^  P  =  —  D'^,  s  —  gdh 

in  which  the  direction  of  8  at  any  point  is  entirely  arbitrary,  and  hence  may  be  a  curved  line.  Sub¬ 
stituting  for  k  its  value  deduced  from  (9),  (10),  and  (20),  Part  I,  and  putting  u  =  I),  s  for  the  velocity 
in  the  direction  of  «,  we  get 

{g)  gl  d  log  P  =  -  udu  -  gdh 
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lu  any  case  in  which  the  air  while  expanding  or  being  compressed  neither  receives  nor  loses 
caloric  by  what  we  have  called  the  primary  causes  of  temperature  disturbance  (§  — ),  and  hence 
generally  in  cases  of  rapid  expansion  or  contraction,  we  have  from  the  relation  between  pressure 
and  temperature  first  given  by  Poisson 


in  which  corresponds  to  the  temperature  and  e  =  3.443.  From  this  we  get 

a  a  VP^y 

With  this  value  of  the  first  member  substituted  in  {g)  we  get  by  integration 


(0 


in  which  P^  and  are  the  values  of  P  and  h  where  u  =  m,.  Hence  barometric  pressure  depends 
upon  velocity  as  well  as  altitude. 

If  the  initial  and  final  values  of  P  and  n  belong  to  the  same  altitude  the  last  term  in  (i)  van* 
ishes,  and  the  equation  is  then  applicable  to  horizontal  motions.  Since  in  such  cases  P^  —  P  is  gen¬ 
erally  very  small,  we  get  by  development  and  neglecting  very  small  terms  of  the  third  and  lower 
orders — 


O’) 


2gl  ®  p  ^  =  156670  -  ■'T-''  ^  =  «*  -  M», 

^  a  V  tt  P„ 


With  w  =  0,  and  u  =  20  meters  per  second,  this  gives  at  the  temperature  =  0,  P^  —  P  =  1.94"”". 
Hence  if  a  horizontal  current  of  air  with  a  velocity  of  20  meters  per  second  is  stopped  by  a  barrier, 
where  =  0,  the  barometric  pressure  is  increased  there  nearly  2'"'".  But  if  the  current  is  only  14 
meters  per  second,  and  =  0,  we  get  P«  —  P  =  I"’"',  and  a  barometer  placed  before  the  barrier,  where 
n  =  0,  would  stand  1™'"  higher  than  in  the  current.  The  current,  therefore,  in  varying  from  14  meters 
to  20  meters  per  second  would  cause  an  oscillation  of  1""”,  and  in  varying  from  a  calm  to  a  velocity 
of  20  meters  per  second  would  cause  an  oscillation  of  2"””.  Hence  where  the  wind  blows  by  blasts 
and  with  varying  velocities  a  barometer  placed  as  above,  where  u  =  0,  is  subject  to  small  oscillations 
corresponding  to  the  blasts  and  variations  of  velocity.  For  a  varjung  temi>erature  it  is  seen 
from  (j)  that  the  oscillations  would  be  diminished  inversely  sis  the  absolute  temperatures  for  the 
same  variations  of  velocity. 

Since  the  line  of  integration  8  between  u„  and  «,  or  P„  and  P,  is  entirely  arbitrary,  the  final  or 
any  intermediate  velocity  may  have  any  direction  determined  by  the  circumstances  of  the  case, 
and  the  preceding  equation  only  requires  that  and  w  should  be  at  the  same  altitude,  and  not  that 
the  motions  throughout  should  be  horizontal. 

Since  in  horizontal  motions  the  change  of  temperature  is  very  small  we  can  regard  t  in  (g)  as  a 
constant  equal  to  We  thus  get  by  integration,  neglecting  the  last  term,  since  it  vanishes  in 
this  case — 

(h)  (log  P„  -  log  P)  =  .360730  "  +  (log  P„  -  log  P)  =  «=  -  «*. 

V  which  M  is  the  modulus  of  common  logarithms,  and  must  be  used  with  these  logarithms.  This 
gives  almost  precisely  the  same  results  as  (j),  even  for  considerable  ranges  of  P,  —  P.  Where, 
however,  P^  —  P  is  large,  equation  (i)  must  be  used,  since  in  that  case  the  neglected  terms  in  (j) 
become  large,  and  the  temperature  t  in  (g)  cannot  be  assumed  to  be  constant  in  obtaining  (Jc).  This 
last  makes  u  infinite  where  P  =  0,  for  where  temperature  is  constant  the  relation  between  density 
and  tension  remains  the  same,  and  the  rate  of  acceleration  consequently  remains  the  same,  and 
P  only  vanishes  after  an  infinite  duration  of  time,  where  the  air  flows  into  an  infinite  vacnum. 
Where  the  temperature  of  the  expanding  air  is  that  given  by  Poisson’s  relation  between  tempera - 
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tore  and  pressure  (h),  the  final  velocity  in  fiowing  into  an  infinite  vacnnm,  as  given  by  (i),  since  in 
this  case  the  last  term  vanishes,  is  _ 

u  =  J  2  gl 


^ 


and  consequently  finite.  In  the  flowing  of  gases  into  an  infinite  vacuum  the  tension  does  not  van¬ 
ish  in  the  orifice  but  only  when  the  velocity  of  the  air  ceases  to  be  accelerated,  so  that  the  velocity 
in  the  orifice  is  not  given  by  putting  P  =  0  in  (i). 

97.  If  we  put  for  the  temperature  of  the  air  where  it  is  quiescent,  or  nearly  so,  we  get  fron^ 
(g)  in  this  case,  since  we  can  put  udu  =  0 — 

(?)  dlog  P= -dA 


Where  t'  =  t  for  the  same  values  of  /q  it  is  seen  by  compaiing  this  with  (g)  that  we  have 
udu  =  0  in  (g),  and  w^e  get 

l"'^-dlogP  =  -dh 
a  ^ 

Since  Poisson’s  equation  (h)  is  independent  of  velocities,  it  is  applicable  when  m  becomes 
infinitely  small  or  vanishes,  and  consequently  in  this  case.  This  equation  gives 

d  log  P  =  "  *  y "  'dt  =  dt 

With  this  the  preceding  eciuatiou  gives 

(TO)  I),/i  =  —  =  -  100.7«"' 


or  a  constant  increase  of  100.76"‘  in  the  value  of  1i  for  each  decrease  of  one  degree  of  temperature. 
Let  us  now  put 

J  =  the  decrease  of  temperature  for  each  100"'  of  increase  of  altitude  where  it  is  determined  by 
Poisson’s  relation, 

J'  =  the  same  in  atmosphere  quiescent,  or  nearly  so,  Avhere  it  may  be  different. 

We  therefore  have  in  general 


and  this  gives  by  integration,  regarding  J'  as  being  constant  for  all  altitudes, 
from  which  we  get 


,  ,  100  ..  100.. 

A  -  =  -  -  (/.  -t)=  (t„  -  V) 


(?,-o 


From  (7)  and  {g)  we  get 

very  nearly;  in  which  is  the  temperature  where  u  =  0.  This,  by  means  of  the  preceding  value  of 
—  V  becomes 


J  V  +  <  o 


The  integration  of  this  gives 


2  2  IbOo 


V  J  V  « 


With  the  value  of  {h  —  h^)  from  a  preceding  equation,  we  get 

»)  «■  ,  (^i)  =  .0003592  (3-  -  2)  (»  -  ».)■ 
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By  comi>ariug  the  value  of  in  the  preceding  equation  (m')  with  that  of  (m)  we  get  for  un- 
saturated  air 


(o) 


_  1(K) 
~  l(H).76 


0^.992 


In  the  interior  of  a  tornado  with  rapidly  ascending  currents,  and  where  the  air  is  not  satu¬ 
rated,  we  can  put  J  eciual  to  this  value.  If  then,  in  the  surrounding  parts  of  the  atmosphere  we 
have  J'  =  1^.1,  and  =  30*^,  putting  u  =  0  at  the  surface,  where  h  =  0,  (w)  gives  at  the  altitude  h  = 
1,000  meters,  u  =  O'”  nearly,  for  the  velocity  ]>er  second  of  the  ascending  current  at  that  height,  and 
by  the  formula  it  increases  in  proportion  to  the  altitude.  In  the  center  of  a  tornado,  however, 
the  region  of  cloud  and  saturated  air  generally  comes  down  to  the  earth,  or  nearly  so,  so  that  the 
ascending  currents  are  mostly  of  saturated  air.  In  this  case  it  is  seen  from  Table  I  that  the  value 
of  J  is  much  less  than  in  the  case  of  dry  air,  and  varies  considerably  with  temperature  and 
altitude,  and  the  air  is  in  a  state  of  unstable  equilibrium  especially  in  the  summer  season,  with  a 
value  of  J'  less  than  one  half  of  the  value  of  J  in  (o),  required  in  the  case  of  unsaturated  air.  By 
comparing  the  values  of  J  in  Table  I  with  those  of  1'  in  Table  II,  we  have,  for  the  altitudes  of  the 
principal  part  of  the  cloud  region  in  the  summer  season,  J'  —  J  equal  to  about  (P.IS,  and  hence 
the  average  state  of  the  atmosphere  at  this  season  is  that  of  unstable  equilibrium  when  the  air 
is  saturated.  Tornadoes  therefore  very  frequently,  if  not  genemlly,  originate  first  in  the  cloud 
strata  of  the  atmosphere,  and  afterward  extend  down  to  the  earth.  With  the  value  of  J'  —  J 
above,  supposing  it  to  be  constant  for  all  altitudes  from  //„  to  h,  by  putting  w„=  0,  and  =  20®, 
(n)  gives  u  =  7.1"  for  —  h  =  1,000  meters,  and  in  proportion  for  other  values  of  —  h.  But  the 
value  of  J'  may  differ  very  much  from  the  average  values  of  the  table,  and  give  at  different, 
times,  very  different  values  of  J'  —  J.  In  the  winter  season  it  is  seen,  from  the  values  of  J  in 
the  table,  that  J'  —  J  is  mostly,  if  not  ahvays,  negative,  and  hence  w  e  then  rarely,  if  ev^er,  have 
the  conditions  necessary  for  a  tornado.  It  should  be  borne  in  mind  here  that  beside  the  state  of 
unstable  equilibrium,  it  is  necessary  to  have  some  initial  gyratory  motion  in  order  to  have  a  tornado. 
From  a  comparison  of  the  values  of  J'  in  Table  II,  deduced  from  Glaisher’s  balloon  ascents,  with 
those  of  J  in  Table  I,  it  is  seen  that  in  high  and  cold  altitudes  the  value  of  J'  —  J  in  (n)  is  nega¬ 
tive,  and  conseciuently  w  is  decreased  as  h  is  increased,  and  hence  the  atmosphere  is  in  a  state  of 
stable  equilibrium  and  the  ascending  currents  from  the  re\'erse  state  low  er  down  may  be  very  much 
retarded  if  not  entirely  brought  to  rest,  and  the  air  must  couse(|uently  flow  out  from  the  central 
part  at  some  intermediate  altitude,  as  in  the  case  of  cyclones.  Where  J'  —  J  is  not  constant  but 
changes  with  the  altitude  by  some  unknown  function,  the  integration  must  be  performed  by  me¬ 
chanical  quadratures,  as  in  the  case  of  cyclones  in  §  28. 

98.  In  considering  the  motions  of  solid  bodies  or  particles  contained  in  the  atmosphere  of  a 
tornado,  it  is  necessary  to  have  some  general  expression  of  the  amount  of  resistance  which  they 
suffer  in  their  motions  through  it.  Let  us  confine  ourselves  to  solid  or  liquid  spheres  simply,  and 
put — 

D  =  the  diameter  of  the  sphere  in  centimeters. 

S  =  its  specific  gravity,  that  of  water  being  unity. 

u  =  its  velocity  in  meters  per  second  relative  to  the  air. 

R  =  the  resistance  belonging  to  this  velocity. 

W  =  the  weight  of  the  body. 

8  =  the  si>ecific  gra\ity  of  the  air,  that  at  the  earth’s  surface  being  unity. 

From  exjKiriments  made  by  Dr.  Hutton  with  a  w  hilling  machine,  as  given  by  Professor  Loomis*, 
the  resistance  of  the  air  to  a  globe  one  inch  in  diameter,  for  all  velocities  from  5  up  to  300  feet  per 
second,  is  represented  very  nearly  by  R  =  .0<K)0()72  ounces,  u  being  expressed  in  feet  per  second. 
Assuming  that  the  resistance  varies  as  the  squai*e  of  the  diameter  and  density  of  the  resisting 
meclium,  as  deduced  by  Newton  from  theoretical  considerations,  and  generally  very  nearly  con¬ 
firmed  by  observation,  we  shall  have  as  a  general  expression,  R  =  .0(K)0672  u*  D*  8,  But  from  exi>er- 
iments  made  at  the  request  of  Newton  in  St.  Paul’s  Cathedral,  London,  in  the  years  1710  and  1719, 
with  hollow  glass  globes  five  inches  in  diameter,  and  also  with  bladders.  Professor  Loomis  deter- 


*  Silliman's  Journal,  second  series,  vol.  17,  p.  4S. 
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mined  that  the  coeificient  of  resistances  is  about  one-fifth  less  than  that  above.*  Taking  the  mean 
of  the  two  determinations  we  shall  have  R  =  .0000606  it*D*«.  Expressing  u  in  meters,  D  in  centi¬ 
meters,  and  the  resistance  in  grammes,  we  have 

R  =  . 002859  w*D*« 

The  weight  of  a  sphere  of  water  one  centimeter  in  diameter,  expressed  in  grammes,  is  0.5238. 
Hence,  the  general  expression  is 

W  =  0.5238  D3  S 

In  the  case  of  a  body  falling  through  the  atm()sphere,  or  any  other  resisting  medium,  the  velocity 
of  the  body  is  accelerated  until  the  resistance  becomes  equal  to  the  weight,  after  which  the  velocity 
continues  uniform  unless  the  density  of  the  medium  changes.  Denoting,  therefore,  this  final  and 
uniform  velocity  by  te',  we  get,  by  equating  the  expressions  of  R  and  W  above 

(p)  u'  =  13.54 

For  spheres  of  ice,  since  in  this  case  S  =  0.865,  we  have 

(PO  u'=\2.6oJ^ 

A  hailstone,  therefore,  one  centimeter  in  diameter  would  fall  through  the  lower  atmosphere  at  the 
rate  of  12.6  meters  per  second.  At  the  height  of  5,000  meters,  where  the  value  of  8  is  reduced  to 
about  0.54,  we  should  have  17.1,  and  hence  the  final  velocity  of  such  a  hailstone  at  that  height 
‘  would  be  considerably  more.  From  the  formula  it  is  seen  that  in  the  case  of  hailstones  four  times 
as  great  in  diameter,  the  values  of  u*  would  be  twi(;e  as  great. 

In  the  case  of  an  ascending  current,  with  a  velocity  equal  to  w',  the  body  would  remain  sus¬ 
pended  in  the  air,  and  if  this  velocity  were  greater  than  u'  it  would  -be  carried  upward  with  a 
velocity  equal  to  the  excess  of  the  velocity  of  the  ascending  current  over  the  value  of  given  by 
the  formula  above  in  any  case.  In  the  case  of  a  hailstone  four  centimeters  (1.6  inches)  in  diameter 
at  the  height  of  5,000  meters,  we  have  D  =  4,  and  s  =  0.54,  and  with  these  values  (p^)  gives  u'  =  34.2 
meters  for  the  velocity  of  the  ascending  current  required  to  keep  such  a  hailstone  suspended  in 
the  atmosphere  at  that  height,  and  with  an  ascending  current  of  44.2  meters  per  second  it  would 
be  carried  upward  at  the  rate  of  10  meters  per  second. 

The  ascending  velocity  required  to  sustain  a  rain  drop  in  the  air  is  given  by  (p).  If  the 
diameter  of  the  drop  is  0.4  centimeter,  the  formula  gives  w'  =  2.7  meters  for  the  velocity  of  the 
ascending  current  required  to  keep  it  suspended  in  the  air  near  the  earth’s  surface  where  «  =  1, 
but  in  high  altitudes  it  requires  considerably  more.  Mr.  Dines  has  measured  rain-drops  as  small  as 
.0033  inches  (.083“'")  in  diameter,!  With  D  =  .0083'"“  (p)  gives  =  1.2  meters  for  the  ascending 
velocity  required  uear.the  earth’s  surface  to  keep  the  smallest  measured  rain  drop  from  falling  to 
the  earth.  Cloud  and  fog  particles  may  be  many  times  less,  and  hence  the  ascending  velocities 
required  to  keep  them  suspended  in  the  atmosphere  would  be  almost  imperceptible.  Mr.  Dines  has 
measured  fog  particles  as  small  as  ,00062  inches  in  diameter,}:  and  those  not  measurable  may  be 
very  much  less.  The  law  of  resistance  as  the  square  of  the  diameter  may  not  hold  very  accurately 
for  particles  so  very  small,  but  the  formula  applied  in  these  cases  at  least  shows  that  the  ascending 
velocities  required  to  sustain  them  in  the  atmosphere  is  extremely  small. 

99.  Where  a  body  near  the  vortex  of  a  tornado  is  kept  suspended  in  the  air  by  ascending 
currents  and  at  the  same  time  gyrates  rapidly  around  the  center,  the  centrifugal  force  arising  from 
these  gyrations  may  be  much  greater  than  that  of  gravity,  and  a  current  of  air  toward  the  center  is 
necessary  to  keep  such  bodies  from  being  driven  by  this  centrifugal  force  away  from  the  center, 
with  a  velocity  much  greater  in  some  cases  than  would  be  required  in  an  ascending  current  to  keep 
the  same  body  from  falling.  The  ratio  of  the  centrifugal  accelerating  force  to  that  of  gravity  g  is 
expressed  by 

gi  ^ 

g  ^  2  rg  ““  19.61  r 

**  SiUiman’8  Journal,  second  series,  vol.  18,  p.  70.  tQuar.  Jour.  Met.  Soc.  t  Symoii^s  Met.  Mag.,  Jan.,  1880. 
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in  which  v  is  the  linear  gyratory  velocity,  and  r  the  distance  from  the  oonter.  Calling  the  lateral 
pressure  arising  from  this  force  W',  corresponding  to  the  weight  W,  in  the  case  of  falling  bodies, 


we  get  by  multiplying  W  by 


o' 

0 


W'  = 


.0267  D^S 


.0267D3S 


substituting  in  the  last  form  for  the  value  of  v  that  given  in  {d).  For  the  resistance  of  a  horizontal 
current  we  can  use  the  expression  of  li  above  in  th^  case  of  falling  bodies,  or  of  ascending  currents. 
By  equating  the  expression  of  B  wifu  that  of  W'  we  get 


(9) 


for  the  velocity  of  horizontal  current  toward  the  center  which  would  resist  the  centrifugal  force  of 
gyration,  and  prevent  the  body  from  being  driven  away. 

With  a  gyratory  velocity  of  =  3  meters  at  the  distance  of  =  1,000  meters  this  formula 
gives  at  the  distance  r  =  100  meters,  in  the  case  of  a  sphere  of  ice  in  which  S  =  0.865,  and  a  diameter 
equal  to  one  centimeter  =  8.6  meters  for  the  velocity  of  current  required  to  keep  such  a  body 
from  being  driven  away  from  the  center,  at  or  near  the  earth’s  surface,  the  velocity  required  being 
some  greater  as  the  altitude  increases  and  the  value  of  s  becomes  less  than  unity. 

In  general  the  motion  of  the  air  relatively  to  the  body  is  both  toward  the  center  of  the  tornado 
and  ascending,  and  as  the  resistance  is  as  the  square  of  this  velocity,  this  resistance,  when  resolved 
into  the  direction  of  the  two  components  of  vertical  and  horizontal  motions,  is  as  the  components 
of  velocity  and  not  as  their  squares,  where  the  resultant  velocity  remains  the  same.  In  such  case 
the  expression  of  u*  in  {g)  must  be  multiplied  into  the  cosine  of  the  angle  between  the  direction  of 
the  resultant  velocity  relative  to  the  body,  and  a  horizontal  line  drawn  toward  the  center.  The 
body  being  supposed  to  be  carried  around  with  the  air,  the  gyratory  motion  of  the  air  relatively  to 
the  body  is  0. 

100.  From  (e)  it  is  seen  that  in  the  case  of  gyratory  motion  around  the  center  the  pressure  is  a 
function  of  r,  and  diminisliCvS  very  rapidly  near  the  center,  where  r  becomes  small.  At  different 
altitudes  it  is  also  a  function  of  t  in  the  case  of  ascending  air,  the  relation  between  pressure  and 
temperature  being  then  expressed  by  (h). 

'  Let 

and  =  the  pressure  and  temperature  respectively  of  air  at  the  earth’s  surface  and  at 
the  distance  from  the  center; 
ti  =  the  temperature  of  the  dew-point  at  the  earth’s  surface; 

Pi  =  the  pressure  of  the  air  when  by  ascending  from  the  earth’s  surface  and  expand¬ 
ing  its  temperature  is  reduced  to  t,; 

^1  =  the  height  of  the  stratum  at  the  distance  ri  of  which  the  pressure  of  the  air  is 
Pi  and  temperature  ti ; 

We  then  get  from  {h) 

log  P'.  -  log  P,  =  c  log 


Neglecting  for  the  present  the  very  small  terms  in  the  second  member  of  (/)  representing  the 
friction  and  inertia  of  the  air,  we  get 


(r) 


log  P'o  —  log  P'  = 


^  a 
2gl  a  +  t' 


-1 


) 


by  substituting  for  a'  its  value  deduced  frt)m  (10)  and  (20),  Part  1.  Subtracting  the  latter  from  the 
preceding  equation,  we  get 


10gP'-logP,  =  .logjJ-J'- 

^  “T  *'1 


2gl  a  +  t',\ 


1 


) 
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From  the  usual  barometric  formulae  for  the  determination  of  altitudes,  we  have 
W  log  P'  —  log  P,  = 


We  also  get  by  develofuneut 


(«) 


(I 


Since  the  values  of  t',  and  f„  differ  but  little  generally,  especially  when  h,  is  not  very  great, 
we  can  put  them  all  equal  to  t/  in  the  small  term  of  the  second  order,  and  then  neglecting  all  terms 
of  a  third  and  lower  orders  in  the  development,  we  get  from  («)  (<)  and  («) 


The  first  term  of  this  expression  of  /»,  gives  the  height  at  which  the  aqueous  vaiior  of  the 
atmosphere  at  the  earth’s  surface  of  the  temperature  t'„  and  dew-point  f,  in  ascending  is  first  con¬ 
densed  into  cloud  at  the  distance  r„  from  the  center  where  the  tension  or  pressure  of  the  atmos¬ 
phere  is  supposed  to  be  not  sensibly  atlected  by  the  forces  arising  from  the  gyrations  of  the  air  in 
the  tornado. 


By  substituting  v  in  (r)  instead  of  its  expression  in  (d)  we  get  the  same  relation  between  the 
gyratory  velocity  v  and  the  barometric  pressure  which  is  given  between  u  and  this  pressure,  as  may 
be  r.  adily  seen  from  an  inspection  of  the  first  of  (a),  from  the  integration  of  which  these  relations 
are  obtained.  But  (r)  is  only  approximative,  and  although  sufficiently  accurate  in  all  practical 
%pplications,  yet  when  there  is  a  great  difference  between  P,  and  P,  (i)  should  be  used,  putting  the 
last  term  equal  0,  since  in  (r)  as  well  as  in  (J)  and  (fe)  it  was  assumed  that  the  temperature  is  the  same 
at  all  distances  fi-om  the  center;  but  this  varies  considerably  when  P„  —  P  is  large.  We  see  from 
the  comparison  of  these  equations  we  have  the  same  relation  between  the  pressures  and  the  veloci¬ 
ties  whether  these  velocities  be  vertical,  radial,  or  gyratory,  or  any  resultants  of  all  these  and 
consequently  in  any  direction  whatever. 

If  we  put  R  for  the  value  of  r,  where  A,  =  0,  we  get  from  (») 


(w) 


R  = 


T  V 

_  '  o 


Putting  V  for  the  value  of  v  where  =  0,  (ei)  gives 


(a:) 


V  = 


r„v 

R 


101.  If  we  put  h  for  the  value  of  h  where  f.  =  0,  that  is,  for  the  height  of  the  stratum  of  zero 
temperature,  the  formula  (»)  is  applicable  in  this  case  by  putting  t,  =  0,  provided  the  air  does  not 
become  saturated  before  rising  to  that  elevation.  When  the  air  is  saturated  the  value  of  e  in  (v) 
must  be  different  from  that  of  uusaturated  air.  From  {m)  and  (m')  we  get  as  a  general  expression 
in  both  cases 


(») 


a  J 


in  which  the  value  of  A  must  be  taken  from  Table  I,  Chapter  I,  for  each  special  case,  and  hence  it 
is  not  constant  for  all  altitudes.  A  mean  value,  however,  can  always  be  taken  which  will  give 
approximate  results. 

When  the  ascending  air  is  not  completely  saturated  below,  but  becomes  so  at  the  altitude  h 
we  get  for  the  expression  of  h,,  ’’ 

(*)  A,  =  100.76  (t>.  -  O  +  ^  -  1 ) 


100 

The  difference  consequently  between  A,  and  A,  is  simply  -j-  tj  and  hence  a  constant  for  all  values 

of  r.  If  the  temperature  f,  were  30°,  and  that  of  the  dew-point  27°,  we  should  then  have  at  the 
distance  r,  the  value  of  A,  =  302.3.  The  average  value  of  A  in  this  case  for  saturated  air  between 
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the  temperature  of  27^  and  zero,  by  Table  I,  is  about  0o.42.  With  this  value  of  J,  we  should  have 

100 

at  the  distance  =  302.3  +  +  27=  6730  meters,  which  is  the  value  of  the  first  two  terms  in 

{z)  in  this  case,  the  effect  of  the  last  term  of  {z)  being  supposed  to  sensibly  vanish  at  the  distance  r^. 

102.  By  means  of  the  preceding  formulae,  (d),  (r),  (r),  {w)  and  (a?),  the  results  in  the  following 
table  have  been  computed  for  four  cases]  with  the  assumed  data  of  gyratory  velocity,  tempera¬ 
ture,  and  dew-point,  in  each  case  given  at  the  top  of  the  table : 


ro  = 

=  1,000  meters ;  Vo  =  30° ; 

P'o=“760  millimoters. 

No.  1. « 

1=27°  ^0  =  10*". 

No.2.t,=22o,  i?o  =  3». 

No.  3.  4|  =  25o  to  =  l-. 

No.4.e,  =  18o,  ro=2-. 

K 

V. 

P'. 

hi. 

P'. 

1 

Al.  V. 

P'. 

hi. 

V. 

P.. 

m. 

10 

15 

20 

25 

m. 

1,000 

667 

500 

400 

ffiTn. 

2 

60 

182 

305 

72 

m. 

300 

200 

150 

120 

mm. 

443 

634 

664 

697 

i 

m. 

.  100 

278  67 

376  60 

422  40 

mm. 

716 

740 

749 

753 

609 

983 

1,082 

1,127 

m. 

200 

133 

100 

80 

mm 

mm. 

685 

682 

716 

732 

80 

333 

402 

297 

100 

716 

447  33 

755 

1,152 

67 

741 

40 

250 

531 

520 

75 

734 

472  25 

757 

1, 177 

50 

749 

60 

167 

648 

680 

50 

748 

489  ,  17 

759 

1,195 

34 

755 

100 

176 

100 

716 

761 

30 

756 

499  10 

760 

1,204 

20 

758 

200 

272 

50 

750  * 

795 

15  j 

759 

502  5  1 

760 

1,208 

10  j 

759 

400 

295 

25 

758  ! 

804 

7  1 

760 

503  2 

760 

1,209 

5 

760  I 

700 

301 

14 

760 

806 

*  I 

760 

504  1 

1  760 

1,209 

3  1 

760  1 

1,000 

302 

10 

1  760  ! 

806 

3| 

1  760 

504  1 

'  1 

760 

1 

1,200 

2  1 

760  ! 

1 

R  =  127«  V  = 

:77«. 

R  =  24"‘,V  = 

125». 

R=-:10»,  V=-100-. 

R  =  13“,  V=308«. 

With  the  assumed  values  of  the  constants  and  ti  the  values  of  hy  have  been  computed 

from  (v)  for  each  assumed  value  of  r  contained  in  the  first  column  of  the  table  above.  The  values 
of  V  and  P'  have  been  computed  respectively  from  (d)  and  (r),  reducing  the  logarithms  in  the  latter 
to  common  logarithms  by  means  of  the  modulus,  and  using  the  value  of  P'<,  given  above.  The  values 
of  R  and  v  are  obtained  from  (w)  and  (;r).  Since  the  friction  terms  in  the  original  equations  from 
which  the  preceding  forinuhne  have  been  deduced  have  been  necessarily  neglected,  of  course  these 
are  merely  theoretical  results,  for  which  considerable  allowances  have  to  be  made  in  some  cases 
for  the  eft'ects  of  friction,  especially  near  the  earth’s  surface  and  where  velocities  are  very  great,  just 
as  in  the  case  of  formulae  for  the  flowing  of  liquids  and  gases  through  orifices  and  for  the  spouting 
of  fiuids  in  which  friction  is  necessarily  neglected;  for  in  these  cases  the  observed  velocities  and 
heights  are  often  found  to  fall  considerably  below  the  theoretical  ones. 

103.  In  No.  1  the  assumed  gyratory  velocity  =  10*”  at  the  distance  =  1,000“  is  that  of  only 
a  very  gentle  wind,  and  the  data  are  all  so  assumed  that  they  may  rei)resent  those  of  an  ordinary 
tornado  of  small  extent.  The  dew-point  being  only  3®  below  the  temperature  of  the  air  at  the 
earth’s  surface,  the  value  of  or  altitude  of  the  base  of  the  cloud  at  the  distance  from  the  cen¬ 
ter,  where  it  is  supposed  to  be  not  sensibly  affected  by  the  gyrations  of  the  tornado,  is  only  about 
300“,  but  in  consequence  of  the  very  rapid  gyrations  nearer  the  center  it  is  brought  down  to  the 
earth  at  the  distance  of  127“,  where  the  gyratory  velocity  by  the  formula  is  77  meters  per  second. 
This,  as  well  as  the  assumed  velocity  of  should  be  understood  to  refer  to  strata  a  little  above  the 
earth’s  surface,  and  not  to  the  strata  very  near  the  surface,  and  even  at  all  altitudes  the  values  ofv 
near  the  center,  where  they  are  very  great,  are  very  much  modified  by  friction. 

It  is  seen  from  (n)  that  the  condition  of  unstable  equilibrium  and  of  ascending  currents,  which 
is  one  of  the  conditions  of  a  tornado,  requires  J'  to  be  greater  than  J.  From  Table  I,  Chapter  I, 
it  is  seen  that  the  value  of  J  in  the  lower  cloud  region,  with  a  temperature  of  about  25^,  as  in  this 
case,  is  only  about  0o.39,  so  that  if  the  temperature  of  the  air  in  the  undisturbed  state  diminished 
with  altitude  at  a  greater  rate  than  0^.39  for  each  100  meters,  we  should  have  a  state  of  unstable 
equilibrium,  provided  the  air  is  already  saturated,  that  is,  that  clouds  prevail.  If  not,  the  tornado 
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cannot  commence  unless  the  air  is  either  saturated  down  to  the  earth’s  surface,  or  the  unsaturated 
air  there  is  in  the  state  of  unstable  equilibrium,  which  would  require  the  rate  of  diminution  of 
temperature  or  value  of  J'  there  to  be  more  than  00.992.  But  if  tornadoes  are  included  in  a  cyclone, 
as  they  generally  are,  we  then  have  the  saturated  air  up  in  the  cloud  region,  arising  from  the 
ascending  current  of  the  interior  of  the  cyclone,  and  we  then  have  the  state  of  unstable  equilibrium 
with  a  value  of  J',  in  high  temperatures,  of  only  about  0o.4  and  upward,  even  when  the  air  near 
the  earth’s  surface  is  neither  saturated  nor  in  the  state  of  unstable  equilibrium  of  unsaturated  air. 
In  such  a  case  the  gyrations  commence  first  up  in  the  cloud  region,  but  soon  extend  down  to  the 
earth’s  surface,  since  the  diminution  of  barometric  pressure  in  the  central  part  arising  from  the 
gyrations  above  causes  the  air  to  rush  in  from  all  sides  toward  the  center  in  the  lower  part  of  the 
atmosphere.  Of  course,  with  the  preceding  conditions,  we  must  also  have  the  other  condition  of  a 
tornado  (§  91),  which  is  an  initial  gyratory  motion  relatively  to  the  center. 

104.  With  the  assumed  values  of  r  in  the  preceding  table,  and  the  corresponding  computed 
values  of  hi  in  No.  1,  used  as  co-ordinates,  the  curved  line  in  Fig.  14,  representing  the  stratum  of 
equal  tension  Pi  and  temperature  fi,  and  which  is  the  base  of  the  cloud,  is  laid  down.  The  curved 
lines  with  arrows  represent  the  lateral  and  ascending  currents  of  the  air,  the  former,  near  the  earth, 
being  mostly  toward  the  center,  in  order  to  supply  the  draught  of  the  ascending  current  in  the 
central  part,  but  in  the  upper  regions  there  must  of  course  be  a  flowing  out  from  the  center.  In 
connection  with  these  motions,  it  must  be  borne  in  mind  that  the  air  has  also  a  gyratory  motion, 
and  very  rapid  near  the  center.  Without  this  we  should  have  simply  the  currents  of  Espy’s  theory. 
Wherever  the  currents  of  air  enter  within  or  above  the  line  mentioned  above,  the  invisible  aqueous 
vapor  of  the  unsaturated  air  is  now  condensed  and  becomes  visible  in  the  form  of  cloud.  Of  course 
the  original  cloud  particles  are  extremely  small,  but  are  continually  increasing  in  size  by  aggrega¬ 
tion,  since  the  smaller  particles  are  carried  up  more  rapidly  than  the  larger  ones,  and  they  are, 
therefore,  constantly  coming  in  contact  with  one  another.*  If  they  become  too  large  to  be  kept 
suspended  in  the  atmosphere  by  the  ascending  currents,  they  fall  directly  back  to  the  earth,  but  if 
not,  they  are  carried  up  where  the  currents  are  outward  from  the  center,  and  are  carried  out  from 
the  center  where  there  are  no  ascending  currents,  or  only  very  feeble  ones,  and  where  they  fall  as 
rain  at  some  distance  from  the  center.  The  preceding  is  for  the  most  part  true  in  ordinary  cyclones 
of  large  dimensions,  except  that  the  comparatively  feeble  ascending  currents  do  not  prevent  the 
rain  from  falling  at  any  part  after  the  drops  attain  a  certain  size.  In  a  cyclone  also  the  cloud  does 
not  generally  come  down  to  the  earth  in  the  center,  but  is  only  a  little  lowered. 

105.  The  ascending  velocity  (u)  in  the  interior  of  a  tornado,  as  given  by  (w),  depends  entirely  upon 
the  difterence  of  temperature  between  the  interior  and  the  surrounding  i)arts,  and  is  independent 
of  any  gyratory  velocity  around  the  center,  since  the  terms  in  (/)  containing  as  a  factor  and 
the  friction  term  F^,  were  neglected  in  obtaining  (g)  and  (n).  It  is  seen  that  from  this  source  we 
get  only  very  moderate  ascending  velocities  in  the  interior  of  a  tornado,  upon  any  reasonable 
and  probable  assumption  of  decrease  of  temperature  with  altitude  in  the  surrounding  undisturbed 
atmosphere,  as  has  likewise  been  shown  by  Dr.  Eeye.t  With  the  better  knowledge  which  we  now 
have  with  regard  to  the  rate  of  decrease  of  temperature  with  increase  of  altitude,  both  in  ascending 
currents  and  in  the  normal  quiescent  state  of  the  air,  the  assumptions  by  which  Espy  obtained  very 
rapid  ascending  currents  by  his  theory,  are  now  known  to  be  not  only  improbable,  but  entirely 
impossible.  It  becomes  necessary,  therefore,  to  seek  some  other  explanation  of  the  pow'erful 
ascending  currents  which,  from  the  observations  of  their  mechanical  effects,  are  known  to  exist  in 
the  central  parts  of  a  tornado. 

We  have  seen  in  the  theory  of  cyclones  that  all  radial  and  vertical  currents  depend  upon  dif¬ 
ference  of  temperature  between  the  internal  and  external  parts,  and  that  when  this  diffei*ence 
ceases  to  exist  the  cyclone  soon  vanishes.  It  may  also  be  shown  that  when  a  is  not  a  function  of 
the  temperature,  equation  (/)  is  satisfied  with  D,u  =  0,  if  has  the  same  value  for  all  altitudes, 
and  it  is,  therefore,  satisfied  without  radial,  and  consequently  without  vertical  motions.  The  radial 
and  vertical  motions,  therefore,  even  where  there  is  a  gyratory  motion,  depend  upon  the  difference 

*  See  notice  of  Professor  Osborne  Reynolds’s  paper  on  Rain-drops  and  Hail-stones  in  Nature,  December  21,  1876. 

tDie  Wirblestiirme,  &c.,  Anbang,  p.  230. 
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of  temperature  already  referred  to,  provided  these  gyratory  motions  are  the  same  at  all  altitudes, 
and  the  velocity  of  the  ascending  currents  in  the  interior  is  still  given  by  (n).  It  has  been  ex¬ 
plained  that  all  the  strata,  through  friction  and  other  causes,  although  at  first  they  may  have 
different  gyratory  velocities,  have  a  tendency  to  assume  the  same  gyratory  velocity,  except  those 
near  the  earth’s  surface,  where  the  velocities  are  much  retarded  and  diminished  by  the  friction  of 
the  earth’s  surface.  Let  us  now  suppose  we  had  a  tornado  with  very  rapid  gyrations  near  the 
center  at  all  altitudes,  and  suffering  no  resistance  at  the  earth’s  surface.  We  might  then  have  a 
large  barometric  depression  in  the  center,  due  mostly  to  the  centrifugal  force  of  the  gyrations,  and 
comparatively  little  of  it  to  difference  of  temperature  between  the  interior  and  surrounding  air. 
But  notwithstanding  the  great  barometric  depression  in  this  case,  the  velocity  of  the  ascending 
currents  would  be  only  those  given  by  (n),  which,  we  have  seen,  could  in  no  case  be  very  great. 

100.  If  we  now  suppose  that  the  barometric  depression  in  the  middle  of  the  tornado  is  30^"',  and 
that  from  some  cause  the  gyrations  near  the  earth’s  surface  should  cease,  so  that  there  would  be  no 
force  to  resist  the  pressure  below  toward  the  center,  then  by  (A),  with  =  30^,  and  =  0  in  this 
case,  we  should  have  u  =  84  meters  for  the  ascending  velocity  per  second,  caused  by  this  difference 
of  pressure.  After  the  currents  arising  from  this  difference  of  pressure  have  once  set  in,  of  course 
some  of  this  difference  would  be  spent  in  overcoming  the  friction,  so  that,  as  in  all  such  cases,  the 
actual  velocity  would  be  some  less.  If  we  now  suppose  that  the  gyrations  below  are  not  entirely 
wanting,  but  that  the  velocity  is  diminished  one-half,  then  the  centrifugal  force  would  be  one- 
fourth,  and  so  only  one-fourth  of  the  difference  of  pressure  below  would  be  counteracted  by  the 
centrifugal  force  of  the  gyrations.  Let  us  further  suppose  that  another  fourth  is  used  in  over¬ 
coming  friction.  We  would  then  still  have  a  difference  of  15”'"  for  overcoming  the  inertia  of  the 
air  and  producing  an  ascending  velocity.  With  this  difference,  and  with  the  same  value  of  fp,  (k) 
still  gives  an  ascending  current  with  a  velocity  of  60  meters  per  second.  It  should  be  observed 
here  that  the  direction  of  the  current  is  not  determined  in  (A:),  and  cannot  be  vertical  at  or  very 
near  the  earth’s  surface,  but  from  the  circumstances  of  the  tornado  must  become  approximately  so 
at  a  short  distance  above  the  earth. 

We  now  see  how  the  enormous  velocities  of  the  ascending  currents  in  a  tornado  may  be  caused 
by  the  differences  between  the  gyratory  velocities  above  and  those  very  near  the  earth’s  surface. 
The  former  prevent  the  air  mostly  from  pressing  in  to  fill  up  the  partial  vacuum  near  the  center, 
while  the  smaller  gyratory  velocities  near  the  earth  allow  it  to  rush  in  there  mostly  to  supply  the 
draught  arising  from  the  diminished  pressure  within.  As  these  gyrations  depend  upon  the  initial 
moments  of  gyration  of  the  air  in  the  vicinity  around  the  center,  the  energy  of  the  tornado  de¬ 
pends  mostly  upon  these,  the  effect  of  which,  by  the  nature  of  tornadoes,  is  mostly  concenti*ated 
near  the  center.  But  the  tendency  of  friction  is  to  constantly  nse  up  this  energy,  so  that  the 
tornado  cannot  continue  very  long.  The  initial  motions,  however,  by  which  the  air  is  caused  to 
run  into  rapid  gyrations  around  the  center  depends  upon  the  temperature  differences,  without 
which  the  tornado  cannot  originate. 

107.  In  order  to  account  for  the  immense  amount  of  rain  which  often  falls  in  a  tornado  in  a  short 
time,  it  is  necessary  to  have  an  estimate  of  the  amount  of  aqueous  vapor  carried  by  the  ascending 
currents  of  the  interior  part  up  through  the  base  of  the  cloud  into  the  upper  regions,  where  it  is 
condensed,  and  also  of  the  depth  of  rain  arising  from  its  condensation  if  it  all  falls  directly  back 
to  the  earth.  Let 

e  =  the  elastic  force  of  aqueous  vapor  at  the  base  of  the  cloud  ; 

d  =  the  depth  of  rain  resulting  from  the  condensation  in  the  ascending  current,  supposing 
that  the  current  extends  so  high  that  the  vapor  is  all  condensed. 

Then,  with  an  ascending  velocity,  u,  the  weight  of  aqueous  vapor  carried  up  per  second,  measured 
by  the  mercurial  column,  is  0.623  eu :  7989.  Multiplying  this  by  13.6,  the  specific  gravity  of  mercury, 
we  get 

d  =  .00106  ew 

for  the  depth  of  rain  given  by  the  condensation  per  second.  With  a  temperature  of  27®  at  the 
base  of  the  cloud,  as  in  our  assumed  example.  No.  1,  we  have  from  Regnault’s  table,  e  =  .0265"  for 
the  elastic  force  of  saturated  air,  and  with  this  value  the  preceding  formula  gives  for  an  ascending 
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velocity  of  60  meters  per  second  d  =  .00168“  per  second  or  0.101“  (about  4  inches)  per  minute  for 
the  depth  of  rain,  if  it  were  to  fall  directly  back. 

Our  problem  is  too  complex,  taking  into  account  friction  and  all  other  circumstances,  to  deter¬ 
mine  the  relation  between  the  radial  and  vertical  velocities;  but  we  know  that  the  radial  component 
must  be  toward  the  vortex  in  the  lower  part  of  the  atmosphere  in  order  to  supply  the  draught  of 
the  ascending  current,  and  greatest  very  near  the  earth,  where  they  are  least  counteracted  by  the 
centrifugal  force  of  the  gyrations.  But  somewhere  above,  it  may  be  at  a  great  altitude  or  not, 
according  to  the  rate  of  diminution  of  temperature  with  increase  of  altitude  in  the  surrounding 
quiescent  atmosphere  at  the  different  altitudes,  there  must  be  a  flowing  out  of  the  air  above,  so  that 
in  the  ascent  of  the  air  there  is  an  inclining  toward  the  vortex  below,  as  represented  in  Fig.  14,  . 
and  from  it  above.  The  vapor,  therefore,  above  a  certain  altitude  is  gradually  dispersed,  and,  if 
condensed  into  rain,  it  falls  at  some  distance  from  the  vortex  of  the  tornado.  With  an  ascending 
velocity  of  60  meters  per  second  the  rain  would  all  be  carried  up  to  an  altitude  where  if  would  be 
carried  out  from  the  vortex,  and  hence  none  of  it  would  fall  directly  back.  According  to  (p)  such 
a  velocity  would  keep  suspended  in  the  air,  at  an  altitude  where  the  density  is  diminished  one-half, 
and  where  consequently  8  =  0.5,  a  globe  of  water,  if  such  could  exist,  with  a  diameter  D  =  1.8*^“ 
(about  7  inches).  With  such  an  ascending  velocity,  therefore,  no  rain  could  fall  directly  back,  but 
there  would  be  an  immense  fall  of  rain  around  about  in  the  vicinity,  especially  if  the  tornado  in  its 
irregular  progressive  motions  should  remain  stationary,  or  nearly  so,  for  several  minutes  over  the 
same  spot.  That  an  ascending  velocity  of  60  meters  per  second,  obtained  from  the  assumptions  of 
the  preceding  section,  is  no  unusual  velocity  in  tornadoes,  will  be  shown  from  the  observed  mechan¬ 
ical  effects  of  tornadoes. 

108.  If  the  velocity  of  the  ascending  current  is  not  so  great  that  the  rain  is  all  carried  up  to 
where  the  cuiTents  are  outward  from  the  vortex,  and  where  consequently  the  water  is  dispersed, 
and  yet  great  enough  to  prevent  its  falling  back,  then  in  the  whole  lower  part  of  the  cloud,  up 
perhaps  to  the  altitude  of  3,000  meters,  there  may  be  an  accumulation  of  rain,  prevented  from 
falling  by  the  ascending  currents,  and  from  being  dispersed  by  the  inflowing  currents  from  all  sides 
toward  the  vortex.  Of  course  the  sustaining  of  this  water  in  the  cloud  uses  up  the  energy  of  the 
tornado  and  hastens  its  breaking  up.  Suppose  the  gyratory  motions  and  energy  of  the  tornado 
were  such  as  assumed  in  §  106,  which  give  an  effective  force  of  15““  for  producing  ascending  currents 
in  the  interior;  if  we  now  suppose  that  the  interior  is  so  charged  with  water  as  to  diminish  this 
efl’ective  force  from  15™“  to  3™“,  this  would  require  a  weight  of  water  equal  to  12““  of  mercury  or  a 
depth  of  rain  equal  to  12  x  13.6  =  163““  (about  6.3  inches),  and  the  3““  remaining,  by  {j)  or  (jfc), 
wonld  still  give  an  ascending  velocity,  according  to  (p),  much  more  than  sufficient  to  keep  the  rain 
from  falling  in  drops  of  the  largest  size,  for  by  the  former  we  should  still  have  an  ascending 
velocity  of  about  27  meters  per  second,  and  by  the  latter  this  would  support  a  drop  with  a  diameter 
D  =  If  we  now  suppose  that  the  energy  of  the  tornado  and  the  velocity  of  the  ascending  cur¬ 
rents  are  being  gradually  diminished,  either  by  the  accumulation  of  water  in  the  cloud,  or  the 
effect  of  friction,  this  accumulation  of  water  may  all  fall  to  the  earth  in  a  very  short  time,  and  give 
rise  to  what  is  called  a  cloud-burst.  This  is  especially  liable  to  occur  in  mountainous  regions ;  for 
if  we  suppose  that  a  tornado  heavily  charged  with  water  is  moving  toward  the  side  of  a  mountain, 
M,  as  represented  in  Fig.  13,  its  coming  in  contact  with  the  mountain  would  interfere  very  much 
with  the  gyrations  of  the  tornado  and  the  inflowing  currents  below,  and  tend  to  break  up  the 
whole  system  almost  at  once,  and  let  the  whole  accumirlation  of  water  di-op  suddenly  down.  Hence 
cloud  bursts  usually  occur  on  mountain  sides.* 

56.  The  water  in  cloud  bursts  does  not  generally  fall  as  rain,  but  is  poured  down.  Long  before 
the  ascending  currents  are  so  reduced  as  to  allow  the  water  to  fall  in  drops  it  seems  to  collect 
together  at  certain  places  and  force  its  way  downward  through  the  ascending  current  in  a  stream. 
This  it  would  naturally  do,  since  we  cannot  suppose  that  the  water  is  ever  evenly  distributed  over 
any  givecTplace  or  that  the  velocities  of  the  ascending  currents  are  everywhere  in  the  same  vicinity 

*  This  agency  of  mountain  sides  in  causing  cloud-bursts  was  first  suggested  by  Professor  Trowbridge,  of  Columbia 
College,  on  bearing  my  explanation  of  the  manner  in  which  rain  can  be  kept  suspended  in  the  cloud,  in  a  paper  on 
this  subject  read  before  the  National  Academy  of  Sciences,  in  April,  1878. 
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the  same.  A  considerable  mass  having  been  collected  at  certain  points,  it  is  then  enabled  to  force 
its  way  through  and  draws  into  its  train  much  more  from  all  sides  on  its  way  down,  so  that  it  may 
amount  to  a  continuous  stream  kept  up  for  several  minutes.  Of  course,  having  once  made  an 
opening  for  itself,  its  velocity  is  gradually  accelerated,  so  that  on  reaching  the  earth  the  velocity 
may  become  immense  and  the  stream  strike  with  great  force.  Each  one  of  these  descending  streams 
may  make  a  great  hole  or  basin  in  the  ground;  and  on  a  steep  mountain  side,  if  the  stream  continues 
for  a  short  time,  it  may  give  rise  to  a  mountain  slide,  or  at  least  to  a  great  ravine,  carrying  rocks 
and  trees  with  it  down  the  mountain  side. 

Immediately  after  the  great  tornado  at  Hollidaysburg,  Pennsylvania,  on  the  I9th  of  June, 
,  1838,  Espy  visited  the  vicinity  and  examinecl  the  sides  of  the  ridges  and  mountains.  He  found  a 
great  many  holes  eight  or  ten  meters  in  diameter  and  one  or  two  in  depth,  according  to  the  nature 
of  the  soil  and  depth  to  the  rock,  the  sides  often  cut  almost  perpendicularly  down  on  the  upper 
side,  but  entirely  washed  out  below,  so  as  to  form  the  commencement  of  a  ravine.  Sometimes  the 
cun*ent  seemed  to  strike  with  so  great  force  that  it  made  a  great  hole  or  basin,  and  rebounded  so  as 
not  to  strike  the  ground  again  for  a  considerable  distance.  A  considerable  number  of  these  holes 
in  the  earth  were  often  found  close  together  in  the  same  vicinity,  indicating  that  the  water  was 
poured  down  through  various  openings  at  the  same  time.  With  regard  to  a  ridge  a  half  mile  west 
of  Hollidaysburg  he  says:  ‘‘On  examining  the  northern  side  of  this  ridge,  large  masses  of  gravel 
and  rocks  and  trees  and  earth,  to  the  number  of  twenty-two,  were  found  lying  at  the  base  on  the 
plain  below,  having  been  washed  down  from  the  side  of  the  ridge  by  running  water.  The  places 
from  which  these  masses  started  could  easily  be  seen  from  the  base,  being  only  about  thirty  yards 
up  the  side.  On  going  to  the  head  of  these  washes,  they  were  found  to  be  nearly  round  basins 
from  about  one  to  six  feet  deep,  without  any  drains  leading  into  them  from  above.  The  old  leaves 
of  last  year’s  growth,  and  other  light  materials,  were  lying  undisturbed  above,  within  an  inch  of 
the  rim  of  these  basins,  which  were  generally  cut  down  nearly  perpendicularly  on  the  upper  side, 
and  washed  out  clean  on  the  lower.  The  greater  part  of  these  basins  were  nearly  of  the  same  diam¬ 
eter,  about  twenty  feet,  and  the  trees  that  stood  in  their  places  were  all  washed  out.  Those  below 
the  basin  were  generally  standing,  and  showed  by  the  leaves  and  grass  drifted  on  their  upper  side, 
how  high  the  water  was  in  running  down  the  side  of  the  ridge ;  on  some  it  was  as  high  as  three 
feet.  It  probably,  however,  dashed  up  on  the  trees  above  its  general  level.”  (Philosophy  of  Storms, 
p.  375.)  Jn  an  account  of  a  remarkable  sform  which  occurexl  at  Catskill,  July  26,  1819,  it  is  stated 
that  “  the  rain  at  times  descended  in  very  large  <lrops,  and  at  times  in  streams  and  sheets.”  Again, 
another  observer  “  panicularly  noticed  that  he  could  see  no  drops  of  rain,  but  the  water  seemed  to 
descend  in  streams  and  sheets.”  It  is  evident  from  these,  and  many  other  similar  paragraphs  which 
might  be  cited,  that  the  water  in  such  cases  is  poured  down  in  streams  and  does  not  fall  as  rain, 
especially  since  the  lightest  materials  were  not  washed  away  close  to  the  margin  of  these  basins  on 
the  upper  sides  referred  to  above;  and  the  reiison  of  this,  evidently,  is  that  the  accumulated  water 
in  the  cloud  is  poured  down  iu  8tr(*.ams  while  the  ascending  currents  are,  as  yet,  too  rapid  to  allow 
the  largest  drops  to  fall  as  rain. 

110.  It  may  be  supposed  by  some  that  an  ascending  velocity  as  great  as  60  meters  per  second^ 
as  deduced  from  the  assumptions  in  §  106,  is  not  only  extremely  rare,  but  one  which  never  occurs  in 
any  tornado.  This  requires  a  barometric  depression  in  the  interior  of  the  tornado  of  about  JO*"*". 
By  examining  column  P'  in  the  table  of  §  102,  it  is  seen  that  with  the  assumed  conditions  of  our 
tornado,  the  theoretical  tension  of  the  air  near  the  center  nearly  vanishes,  and  the  interior  becomes 
almost  a  vacuum;  but  of  course  very  great  allowances  must  be  made  for  friction  so  near  the  center, 
where  the  theoretical  gyratory  velocities  almost  become  infinite.  For  since  the  air  of  the  ascending 
current  in  the  vortex  is  mostly  supplied  by  the  current  near  the  earth,  where  friction  is  great  and  the 
gyratory  velocity  much  diminished,  this  afi’ects  the  gyratory  velocities  very  greatly  all  the  way  up, 
so  that  they  may  differ  very  much  near  the  center  from  those  given  by  (d),  in  which  the  effect  of 
friction  is  neglected.  But  that  the  tension  of  the  air  is  very  much  diminished  in  thef^middle  of 
tornadoes,  much  more  than  the  assumed  amount  of  30'"'",  is  obvious  from  the  explosive  effects  often 
observed  in  the  passage  of  a  tornado.  The  walls  of  houses  are  thrown  outward  in  every  direction, 
cellar  doors  are  burst  open  against  the  force  of  a  hurricane  wind,  corks  fly  from  bottles,  and  explo- 
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fidons  occur  wherever  air  is  oonflned,  which  denote  a  great  and  sudden  diminution  of  the  outside 
tension  of  the  air  from  the  diminished  pressure  in  the  tornado,  so  that  ascending  velocities  may,  no 
doubt,  be  often  much  greater  than  that  which  would  arise  from  a  depression  of  30"”"  only  in  the 
interior  of  the  tornado.  This  may  also  be  inferred  from  the  powerful  force  of  the  ascending  cur¬ 
rents  in  sustaining  and  carrying  in  the  air  large  and  heavy  bodies  to  a  great  distance.  Of  the  many 
examples  which  might  be  given  it  is  only  necessary  to  cite  one  well-authenticated  case:  During  the 
tornado  at  Mount  Carmel,  Illinois,  June  4,  1877,  we  read  that  ^Hhe  spire,  vane,  and  gilded  ball  of 
the  Methodist  church  were  carried  fifteen  miles  to  the  northeastward.^’  Nothing  is  stated  with 
regard,  to  the  material  of  which  it  was  constructed,  but  we  must  infer  that  the  ascending  currents 
which  could  keep  it  suspended  in  the  air  for  at  least  fifteen  or  twenty  minutes  must  have  had  an 
enormous  velocity.  According  to  the  formula  (p)  the  ascending  velocity  required  to  keep  a  sphere 
one  meter  in  diameter  and  of  the  specific  gravity  of  water  suspended  in  the*  air  is  135  meters  per 
second.  On  account  of  the  probably  greater  surface,  in  proportion  to  the  weight,  in  the  case  of 
the  church  steeple,  the  velocity  required  was  perhaps  much  less  than  this,  but  this  estimate  in  the 
case  of  the  sphere  enables  us  to  judge  better  with  regard  to  what  was  required  in  the  case  of  the 
church  steeple.  One  reason  why  heavy  bodies  are  not  more  frequently  lifted  from  the  earth  and 
carried  up  is  that  at  the  earth’s  surface  the  velocities  are  necessarily  horizontal  only  and  the  vertfcal 
components  of  velocity  are  naught.  If  heajvy  bodies  were  generally  in  the  situation  of  church 
steeples  they  would  be  more  frequently  carried  off. 

111.  The  expression  of  d,  §  107,  is  applicable  to  cyclones  or  to  any  case  of  moderate  rain  in 
which  there  is  little  or  no  cyclonic  action.  Wherever  there  is  cloud  or  rain  there  are  ascending 
currents,  but  the  velocities  in  such  cases  are  generally  very  small  in  comparison  with  those  in  the 
vortices  of  tornadoes.  With  descending  currents,  however  gentle,  there  can  be  neither  cloud  nor 
rain.  If  we  suppose  the  velocily  u  of  the  ascending  current  to  be  only  3  meters  per  second,  and 
the  air  saturated  at  the  temperature  of  27^,  we  have  in  this  case  d  =  .00318  x  .0265  =  .000085"*  for 
the  depth  of  rain  given  per  second  by  the  vapor  carried  up  if  it  is  carried  up  so  high  that  it  is 
all  condensed.  In  summer  temperatures  the  mean  rate  of  diminution  of  temperature  with  decrease 
of  altitude,  as  may  be  seen  from  Table  I,  Chapter  I,  is  about  0^.4  per  100  meters  in  the  lower  part 
of  the  cloud.  Hence  at  the  altitude  of  3,000  meters  the  air,  which  at  the  earth's  surface  is  30°,  and 
270  at  the  base  of  the  cloud,  as  in  our  assumed  example  No.  1,  is  cooled  down  to  I60,  and  at  this 
temi)erature,  according  to  Eegnaulfs  table,  the  ascending  air  has  lost  half  its  vapor.  Perhaps,  on 
the  average,  the  air  does  not  ascend  so  high  that  it  loses  more  than  half,  except  in  tornadoes  and 
violent  cyclones,  and  in  such  cases,  with  an  ascending  velocity  of  3  meters  per  second,  we  have 
d  =  .000042"  per  second  or  .0025“  per  minute. 

With  an  ascending  velocity  of  3  meters  (p)  gives,  in  the  lower  part  of  the  atmosphere,  D  =  .05'“ 
for  the  diameter  of  the  smallest  drops  which  could  fall,  so  that  those  still  smaller  would  be  carried 
up  and  kept  suspended  in  the  air  until  by  aggregation  they  should  become  large  enough  to  fall,  or 
until  the  accumulation  of  water  in  the  cloud  should  diminish  the  velocity  of  the  ascending  current 
sufficiently  to  allow  them  to  fall.  With  an  ascending  velocity  of  3  meters,  only  the  larger  drops 
can  fall,  so  that  there  cannot  be  much  rainfall  until  the  velocity  is  diminished.  There  is  therefore 
a  limit  to  the  rate  of  rainfall  beyond  which  it  cannot  extend,  and  this  must  be  considerably  less 
than  .0025“  per  minute  or  0.15“  per  hour.  In  the  vortices  of  tornadoes,  where  the  velocities  are 
enormously  great,  of  course  there  is  a  proportionate  amount  of  vapor  condensed  to  rain,  but  this, 
as  we  have  seen,  must  either  be  poured  down,  or,  if  it  falls  as  rain,  must  be  scattered  over  a  large 
area  about  the  outer  limits  of  the  violent  part  of  the  tornado,  where  the  ascending  velocity  is  less 
than  3  meters  per  second.  With  very  gently  ascending  currents  the  rain  falls  in  small  drops  only, 
or  a  mist,  before  much  aggregation  takes  place,  especially  if  the  air  is  nearly  saturated  and  the 
base  of  the  cloud  low.  If  the  base  of  the  cloud  is  high  these  small  particles,  in  their  slow  fall 
toward  the  earth,  may  be  entirely  evaporated  before  reaching  it.  In  such  cases  the  lower  base  of 
the  cloud  has  no  definite  outline,  and  may  fall  considerably  below  the  level  where  condensation 
first  takes  place;  for  these  very  fine  falling  particles  are  simply  cloud  particles  not  quite  sustained, 
as  usual,  by  the  ascending  current. 

112.  We  come  now  to  the  consideration  of  hailstorms.  In  our  assumed  example  of  a  tornado. 
No.  1,  the  plain  or  stratum  of  zero  temperature,  according  to  {z)  and  the  illustrating  example  under 
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it,  which  applies  in  this  case,  is  6,428  meters  above  the  base  of  the  doud,  and,  according  to  theory, 
if  we  take  no  account  of  friction,  is  likewise  brought  down  to  the  earth  in  the  center.  A  vertical 
section  of  this  stratum,  passing  through  the  center  of  the  vortex,  is  represented  by  the  curved  line 
in  Pig.  13,  between  the  dark  and  light  colored  cloud.  Since  great  allowance  near  the  center,  where 
the  gyrations  are  very  rapid,  must  be  made  for  the  effect  of  friction,  the  region  of  freezing  and  snow  is 
perhaps  never  brought  entirely  down  to  the  earth,  but,  in  general,  the  base  is  simply  depressed  a  little 
in  the  center,  as  represented  by  the  base  of  the  cloud  in  Pig.  17.  Below  this  base  in  Pig.  13  aqueous 
vapor  is  condensed  into  cloud  and  rain,  but  above,  into  snow.  The  rain-drops  below  may  be  also 
carried  up  into  the  snow  region  by  the  ascending  currents,  and,  if  kept  suspended  there  a  little 
while,  frozen  into  small  hail.  These  may  then  be  kept  suspended  near  the  base  of  the  snow-cloud, 
and  increase  in  size  by  the  rain  which  is  carried  up  into  this  region  coming  into  contact  with  them 
before  it  has  had  time  to  freeze.  In  this  way  compact  homogeneous  hail-stones  of  ordinary  size 
are  formed.  At  the  height  of  nearly  7,000  meters,  the  density  of  the  air  in  comparison  with  that  at 
the  earth’s  surface  is  0.42.  With  this  as  the  value  of  «,  (jp')  gives  =  20*"  nearly  as  the  ascending 
velocity  required  to  sustain  a  hail  stone  at  that  altitude  one  centimeter  in  diameter.  This,  from 
what  we  have  seen,  is  no  unusual  velocity  for  ascending  currents  in  tornadoes,  and  one  which  must 
frequently  take  place,  even  at  great  altitudes.  It  is  not  necessary  that  the  hail-stones  should  remain  in 
the  freezing  region  a  long  time,  or  remain  stationary.  They  may  be  carried  from  the  vortex  out  where  the 
velocity  of  the  ascending  current  is  small,  and  dropping  down  some  distance,  may  then  be  carried  in 
toward  the  vortex  by  the  inflowing  current  on  all  sides,  and  up  again  rapidly  into  the  freezing  region. 

The  nucleus  of  large  hail-stones  is  generally  composed  of  compact  snow.  A  small  ball  of 
snow,  saturated  with  unfrozen  rain  which  is  carried  up  into  the  snow-cloud,  is  formed  in  that  region 
and  freezes,  and  being  of  less  specific  gravity  than  compact  hail,  is  kept  where  it  receives  a  thick 
coating  from  the  rain  carried  up,  as  in  the  case  of  the  smairhail,  and  afterwards  falls  to  the  earth, 
either  at  some  distance  from  the  center  where  the  ascending  currents  are  weak,  or  near  the  vortex 
after  the  rapidity  of  the  ascending  currents  has  become  suflSciently  diminished.  As  there  may  be 
in  the  case  of  cloud-bursts  a  great  accumulation  of  rain  and  a  sudden  down-pouring  of  it  all  in  a 
short  time,  so  in  a  hail-storm  a  great  quantity  of  hail  may  be  collected  in  the  lower  part  of  the 
cloud,  brought  in  by  inflowing  currents  on  all  sides  toward  the  vortex,  after  the  ascending  currents 
have  become  too  weak  to  carry  it  up  and  throw  it  out  above  again,  and  are  still  too  strong  to  per¬ 
mit  it  to  fall.  But  soon  the  interior  of  the  tornado  becomes  so  overloaded,  and  the  energy  of  the 
whole  system  so  much  spent,  that  the  hail  is  all  allowed  to  fall  to  the  earth  almost  at  once.  Hence  the 
almost  incredible  amounts  of  hail  which  are  said  to  sometimes  fall  in  a  short  time. 

113.  When  a  hail  stone  is  carried  up  in  or  near  the  vortex  and  carried  out  above  to  where  the 
ascending  current  is  too  feeble  to  sustain  it  in  the  air,  it  gradually  drops  down  and  the  inflowing 
current  draws  it  in  toward  the  vortex,  where  it  is  again  carried  up,  and  thus  describes  a  sort  of  oval 
orbit,  a,  ft,  or  a',  6',  as  represented  in  Fig.  13.  It  may  be  thrown  up  very  high  into  the  snow-cloud 
region,  as  at  a,  or  but  little  above  its  base,  as  at  a'.  It  may  describe  a  number  of  such  orbits  or 
revolutions  before  it  falls  to  the  earth.  While  high  up  in  the  snow-cloud  region  it  receives  a  coating 
of  snow,  and  then  while  descending  very  gently  where  the  strength  of  the  currents  is  not  quite  suf¬ 
ficient  to  sustain  it,  and  near  the  base  of  the  snow  region  where  rain  yet  unfrozen  is  carried  up, 
it  receives  a  coating  of  solid  ice,  which  may  be  continued  for  some  time  after  it  falls  into  the  rain- 
cloud,  since  the  hail  stone  still  continues  for  some  time  below  zero  temperature.  After  a  little  the 
inflowing  current  below',  as  at  &  and  6',  draws  it  again  into  the  vortex,  where  it  is  again  thrown  up 
into  the  snow  region  to  receive  a  new  coating  of  snow.  It  thus  receives  alternate  coatings  of  snow 
and  ice,  and  the  number  of  each  sort  indicates  the  number  of  revolutions  described,  before  it  is  per¬ 
mitted  to  fall  to  the  earth.  When  we  consider  the  enormous  amount  of  water  which  is  rapidly  carried 
up  in  a  tornado,  and  that  the  lower  part  of  the  region  of  freezing  must  contain  mostly  rain,  not  yet 
frozen,  since  the  snow  there  formed  is  at  once  carried  still  higher,  we  can  readily  understand  how  the 
hail-stone  can  receive  a  considerable  coating  of  ice  in  a  short  time.  While  high  up  in  the  snow- 
cloud  at  its  turning-point,  as  at  a  and  a',  it  of  course  remains  some  time  nearly  at  the  same  altitude, 
and,  it  is  reasonable  to  suppose,  long  enough  to  receive  its  coating  of  snow. 

The  accounts  of  hail-stones  composed  of  a  nucleus  of  snow,  and  then  of  concentric  layers  of  ice 
and  snow  alternating,  are  quite  numerous,  but  of  the  many  cases  which  might  here  be  cited  we 
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shall  refer  to  only  a  notable  one  which  has  occurred  in  somewhat  recent  times.  In  a  hail  storm  at 
Northampton,  Mass.,  June  20, 1870,  hail-stones  fell  weighing  over  a  half  pound.  Most  of  them  were 
of  the  form  of  concentric  layers  like  the  coats  of  an  onion.  Mr.  Houry,  who  gave  an  account  of 
this  storm  (Silliman’s  Journal,  vol.  50,  p.  403),  states  that  in  one  of  them  he  counted  thirteen  layers, 
indicating,  as  he  says,  that  it  had  passed  through  as  many  strata  of  snowy  and  vaporous  cloud. 
The  true  explanation  is  that  it  oscillated  as  many  times  between  the  rain-cloud  and  snow-cloud 
regions,  or,  in  other  words,  that  it  performed  six  or  seven  revolutions  with  the  lower  part  of  its  orbit 
in  the  rain-cloud  and  the  upper  part  in  the  snow-cloud,  as  described  above  and  as  represented  in 
Fig.  13. 

The  shape  of  hail  stones  varies  very  much.  Some  are  like  a  disk  or  very  oblate  spheroid.  If 
for  any  reason  the  hail-stone  becomes  the  least  flattened,  the  ascending  current  which  keeps  it  sus¬ 
pended  in  the  air  also  keeps  its  shortest  diameter  perpendicularly  to  the  current,  and  hence  it 
increases  most  on  the  edges.  Others  are  of  a  pyramidal  form.  This  has  been  explained  by  Pro¬ 
fessor  Eeynolds  in  the  paper  already  referred  to. 

Hail  stones  are  sometimes  of  an  enormous  size.  At  Olmutz,  on  the  31st  of  May,  1868,  there  was 
a  hail-storm  in  which  the  larger  stones  were  mostly  of  an  irregular  oval  shape  with  uneven  surface, 
the  longest  diameter  being  from  14  to  22  lines.  Those  from  18  to  22  lines  all  weighed  over  3  drams, 
and  the  greatest,  24  lines  long,  weighed  5  drachms.  (Zeit.  Oester.  Gesell.  fiir  Met.,  Band  III,  S.  318.) 

In  Iowa,  in  April,  1880 :  “  Hail-stones  12  inches  in  circumference  have  been  measured  in  Sac 
County.  In  Davis  County  a  flattened  disk  of  hail  measured  4J  inches  in  diameter,  and  was  2  inches 
thick.  In  Iowa  County  a  group  of  ice  crystals  fell,  2  inches  in  length.  If  inches  wide,  and  1  inch 
thick.^  (Iowa  Weather  Service  Press  Bulletin,  82,  April,  1880.) 

114.  In  the  second  example  of  the  table,  §  102,  the  gyratory  velocity  at  the  distance  of  =  1,000 
meters  is  assumed  to  be  only  3™,  and  the  dew-point  eight  degrees  below  the  temperature  of  the 
air  4)  at  the  earth^s  surface  at  the  distance  r„,  where  the  influence  of  the  tornado  does  not  affect 
the  tension  and  temperature  of  the  air  at  the  surface. 

Prom  the  co-ordinates  r  and  in  the  table  the  curved  line  in  Fig.  14  is  laid  down,  representing 
the  stratum  of  the  tension  P  and  temperature  t,  where  the  aqueous  vapor  of  the  air  in  its  ascent 
and  motion  from  all  sides  toward  the  vortex  begins  first  to  be  condensed  into  cloud,  and  which  is 
consequently  the  base  of  the  cloud,  as  in  the  case  of  the  tornado  in  example  No.  1.  The  difference 
etween  the  temperature  of  the  air  at  the  earth’?  surface  and  the  dew  point  being  greater  in  this 
case,  the  height  of  the  cloud  at  the  distance  where  it  is  not  sensibly  affected  by  the  gyrations  of 
the  air,  is  also  greater,  but  it  is  nevertheless  brought  down  to  the  earth  at  and  near  the  center  of 
the  gyrations  by  the  great  rapidity  of  these  gyrations  there,  as  represented  in  Fig.  14,  and  forms 
what  is  caUed  a  wat&i'-spout.  Hence  a  waterspout  is  simply  the  cloud  brought  down  to  the  earth  from 
a  considerable  height  in  a  tapering  form  to  a  small  base  by  the  rapid  gyratory  motions  of  the  air. 

When  the  spout  occurs  on  land  it  is  often  called  a  land-spout,  but  land  and  water  spouts  are 
essentially  the  same.  A  water  spout  and  tornado  differ  only  in  their  dimensions.  It  is  seen  that 
the  same  principles  and  formulae  are  applicable  in  both  cases,  but  in  the  water  spout  the  gyratory 
velocity  is  less,  and  consequently  the  base  of  the  cloud  or  spout  which  reaches  the  earth  is  smaller. 
In  our  example  No.  2,  (ti?)  gives  the  radius  of  the  base  R  =  24®,  and  (ic)  gives  v  =  125®  as  the  gyra¬ 
tory  velocity  per  second  at  the  outer  limit  of  the  spout  at  or  near  the  earth’s  surface.  Nearer  the 
center  the  velocity  is  very  much  greater.  These  are  the  theoretical  velocities  obtained  by  assum¬ 
ing  Vo  =  3®.  Of  course  considerable  allowance  must  be  made  for  the  effect  of  friction,  which  has 
not  been  taken  into  account  in  the  formula.  In  order  to  really  have  such  velocities  near  the  center 
in  any  case  of  nature,  and  a  spout  as  represented  in  Fig.  14,  it  would  be  necessary  to  have  per¬ 
haps  considerably  greater  than  3®,  but  still  it  is  readily  seen  how  such  a  phenomenon  can  be  pro¬ 
duced  upon  the  preceding  principles. 

The  destructive  effects  of  so  extremely  great  velocities  can  readily  be  imagined,  especially  at 
sea,  where  they  are  not  so  much  diminished  at  and  near  the  surface  by  friction.  If,  however,  we 
examine  the  values  of  v  in  the  table,  §  102,  it  is  seen  that,  although  the  velocities  are  enormously 
great  near  the  center,  yet  they  diminish  very  rapidly  with  increasing  distances  from  the  center,  so 
that  these  destructive  meteors  can  be  approached  within  a  very  short  distance  with  entire  safety, 
and  they  may  pass  very  near  without  doing  any  iqjury.  If,  however,  they  pass  directly  over  a  ship 
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at  sea  or  buildings  on  land,  their  destructive  effects  may  be  very  great  and  sudden,  as  is  readily  seen 
from  theory,  and  often  confirmed  by  observation.  On  land  they  are  the  same  as  tornadoes,  except 
that  their  visible  clouded  part  is  not  so  low  or  so  wide  at  the  base,  and  the  extent  of  the  area  of 
violence  is  less. 

In  the  center  of  a  water  spout,  as  in  that  of  a  tornado,  no  rain  falls  or  water  descends  in  any  form, 
though  a  heavy  shower  often  falls  in  the  vicinity.  On  land,  dust  and  a  great  many  light  substances 
are  carried  up  in  the  interior,  and  as  they  are  being  collected  from  all  sides  by  the  inflowing  currents 
toward  the  vortex  below,  they  often  assume  the  form  of  a  cone,  which,  in  the  first  formation,  of  the 
spout,  seems  to  rise  up  and  meet  the  descending  si>out,  falling  apparently  from  the  clouds,  and  thus 
the  whole  phenomenon  often  assumes  the  form  of  an  hour-glass.  Of  the  great  tornado  of  West  Cam¬ 
bridge,  August  22,  1851,  it  is  said:*  “To  some  who  watched  it  closely  its  form  resembled  a  tall 
wide-spreading  elm-tree.  To  others  it  appeared  like  an  inverted  cone.  Several  represent  it  as  a 
dense  upright  column,  and  a  few  as  having  the  shai>e  of  an  hour-glass.^  The  average  width  of 
destructive  violence  was  about  300  meters.  The  several  observers,  no  doubt,  saw  it  at  different 
times,  and  under  somewhat  different  circumstances,  iu  its  progressive  motion  over  the  inequalities 
of  surface.  It  was  only  where  the  earth  contained  a  great  amount  of  dust  or  other  light  materials 
on  the  surface  that  the  right  cone  at  the  base  was  observed,  and  the  whole  assumed  the  figure  of  an 
hour-glass.  This  tornado  evidently  had  a  good  deal  of  the  water  spout  feature  about  it,  and  it  prob¬ 
ably  fell  somewhere  between  the  two  forms  represented  in  Figs.  13  and  14. 

On  the  14th  of  August,  1847,  Professor  Loomis  observed  a  water-spout  on  Lake  Erie,t  the  height 
of  which,  by  a  rough  estimate,  was  about  a  half  mile,  and  the  diameter  about  ten  rods  at  the  base 
and  twenty  rods  above.  This  coincides  very  nearly  with  our  No.  2,  represented  by  Fig.  14.  No 
observations  of  temperature  of  the  air  or  dew-point  are  given,  but  the  difference,  by  theory,  must 
have  been  about  8®  to  give  the  observed  height. 

In  water-spouts  at  sea  there  is  a  rising  up  and  foaming  of  the  sea  water  under  the  spout,  on 
account  of  the  greatly-diminished  atmospheric  pressure  and  rapid  gyrations  within  the  spout.  By 
theory  the  water  rises  13.6'"™  for  each  millimeter  of  barometric  depression,  so  that  if  there  should 
be  a  depression  of  100"“'"  the  water  would  rise  1.36'".  This  heaping  up  of  the  water  is  always 
observed,  and  on  account  of  the  rapid  gyrating  currents  of  the  air  the  water  is  much  agitated 
at  the  surface,  and  much  of  it  may  be  carried  up  in  the  interior  of  the  spout  by  the  ascending  cur¬ 
rent.  This  sometimes  gives  the  spout  a  whitish  appearance  below.  The  heaping  up  of  the  water 
and  rising  of  the  spray,  caused  by  the  great  agitation,  sometimes  gives  the  api)earance  of  a  small 
right  cone,  as  occurs  in  land-spouts  from  the  collection  of  dust  and  other  light  materials.  The  w  ater 
which  falls  as  rain,  in  connection  with  a  water  spout,  is  always  observed  to  be  fresh  water,  for  the 
small  amount  of  sea  water  carried  up,  when  mixed  with  so  much  rain  water,  is  not  perceptible. 
That  water-spouts  do  draw  up  water  we  know  from  observation,  from  which  it  appears  that  ponds 
are  sometimes  drained,  and  the  fish,  frogs,  &c.,  transported  to  a  considerable  distance. 

From  a  comparison  of  v  with  P'  in  table,  §  102,  at  the  different  distances  from  the  center  of  a 
tornado  or  water  spout,  it  is  seen  that  the  barometric  pressures  are  very  little  affected  except  within 
the  limits  of  destructive  violence,  where  observations  are  not  conveniently  made,  and  hence  its 
effect  upon  the  barometer  is  rarely  observed. 

115.  With  the  co-ordinates  r  and  h  of  No.  3  in  table,  §  102,  we  get  the  form  of  spout  represented 
iii  Fig.  15,  and  with  those  of  No.  4  in  the  same  table  we  get  the  form  of  Fig.  16.  The  former  is  not 
very  tall  because  the  dew-point  of  the  air  does  not  differ  much  fix)m  its  temperature,  and  the  base 
of  the  spout  is  not  very  large  on  account  of  the  smallness  of  the  assumed  gyratory  velocity  In 
the  latter  the  spout  is  very  high  because  of  the  great  difference  between  the  dew-point  and  tem¬ 
perature  of  the  air  at  the  earth’s  surface.  It  consequently  requires  a  very  great  gyratory  velocity 
to  bring  down  a  spout  with  even  so  small  base  from  so  great  a  height.  By  assuming  different  tem¬ 
perature,  dew-points,  and  gyratory  velocities,  we  can  obtain  spouts  of  a  great  variety  of  forms — 
from  the  tornado  cloud,  with  its  base  covering  a  considerable  area,  to  a  very  tall,  slender  pillar  of  only 
one  or  two  meters  in  diameter. 

With  regard  to  the  observed  dimensions  of  water-spouts,  Horner  says  that  their  diameters 

•Tornado  of  West  Cambridge,  Angnst  22,  1851,  by  Charles  Brooks.  tSllliman’s  Journal,  vol.  iv,  p.  362. 
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raoge  from  2  to  200  feet  and  their  heights  from  30  to  1,600  feet.  Dr.  Reye  states  that  their  diam¬ 
eters  on  land  at  base  are  sometimes  more  than  1,000  feet.  These  correspond  with  our  tornado 
cloud,  Fig.  13,  and  consequently  they  have  little  of  the  appearance  of  a  spout  unless  they  are  tall. 
Oersted  puts  the  usual  height  of  water-spouts  from  1,600  to  2,000  feet,  but  states  that  in  some 
rare  cases  they  cannot  be  much  less  than  6,000  or  6,000  feet.  Of  course  all  such  estimates  are  very 
vague,  and  may  be  very  much  in  error.  With  a  high  temperature  and  very  low  dew-point,  differ¬ 
ing  from  the  temperature  of  the  air  about  16®,  a  water  spout  one  mile  in  height  would  be  obtained 
by  the  formula,  but  spouts  of  this  height  probably  occur  very  rarely. 

116.  The  Journal  de  Physique,  vol.  88,  contains  accounts  of  a  great  many  water  spouts,  with 
remarks  by  M.  Defranc,  from  which  the  following  items  are  extracted : 

On  the  23d  of  June,  1764,  a  water-spout  was  seen  on  the  Seine,  which  had  its  base  on  the  river 
and  reached  up  into  the  clouds.  It  was  judged  to  be  about  three  feet  in  diameter  at  the  cloud  and 
still  less  where  it  touched  the  river.  There  were  some  parts  transparent,  which  allowed  the  ascension 
of  the  water  to  be  seen.  It  finally  broke  at  about  one  third  of  its  height.  The  lower  part  fell  in 
rain,  the  upper  part  was  drawn  up  into  the  cloud  in  a  second  of  time,  and  the  phenomenon  was 
followed  by  hail.” 

This  spout  is  remarkable  for  the  smallness  of  its  diameter.  There  was,  no  doubt,  water  carried 
up  in  it  from  the  river,  but  what  appears  to  be  water  ascending  in  water-spouts  may  be  merely  the 
condensed  vapor  of  the  atmosphere  in  the  form  of  cloud  or  mist.  The  lower  part,  without  much 
doubt,  had  water  in  it  which  fell  back  into  the  river  when  the  spout  broke.  Water-spouts  are  often 
observed  to  drop  down  from  the  cloud  in  an  incredibly  short  instant  of  time  and  to  be  drawn  up 
again  in  the  same  manner.  When  the  gyrations  are  such  as  to  not  quite  reduce  the  tension  and 
temperature  in  the  center,  so  as  to  condense  the  aqueous  vapor,  a  very  slight  increase  at  once  reduces 
the  temperature  sufficiently  and  the  spout  becomes  visible  from  top  to  bottom  almost  instantane¬ 
ously.  Just  the  reverse  of  this  takes  place  when  the  spout  breaks,  and  it  appears  to  be  drawn  up 
instantly.  This  is  especially  the  case  in  small  spouts  like  this  one.  The  hail  indicates  that  the 
ascending  currents  of  this  spout  extended  up  into  the  region  of  freezing  temperature,  but  most 
probably  the  hail  was  not  formed  from  the  water  of  the  river. 

“  On  May  17,  1763,  Captain  Cook  saw  six  water  spouts  upon  Queen  Charlotte  Sound.  In  one 
of  these  a  bird  was  seen  and  in  arising  was  drawn  in  by  force  and  turned  around  like  a  spit.  Their 
first  appearance  was  indicated  by  a  violent  agitation  and  elevation  of  the  water.  When  the  tube 
was  first  formed  or  became  visible  its  apparent  diameter  increased.  It  then  diminished  and  became 
invisible  at  its  lower  extremity.” 

The  observation  of  the  bird^s  being  drawn  in  is  importafit  in  showing  that  there  is  a  draught 
and  an  infiowing  of  air  from  all  sides  to  supply  the  ascending  current.  The  observation  also  shows 
that  the  air  has  a  gyratory  motion  around  the  center.  At  first  the  gyrations  are  gradually  increased, 
and  after  the  spout  first  appears  as  long  as  the  gyrations  are  increasing  the  spout,  by  theory,  must 
increase  in  diameter,  but  the  reverse  when  the  gyrations  begin  to  dimmish.  The  violent  agitation 
and  heaping  up  of  the  water  before  the  spout  appears,  shows  that  the  gyrations  and  barometric 
depression  in  the  center  exist  before  the  spout  becomes  visible,  and  that  the  spout  only  appears 
after  the  diminution  of  tension  and  temperature  necessary  to  condense  the  vapor  occurs. 

On  the  12th  of  July,  1782,  there  was  a  water-spout  near  the  Island  of  Cuba.  The  base 
appeared  to  occupy  the  space  of  four  toises,  the  base  of  the  column  four  feet,  middle  ten  feet, 
and  the  upi>er  part,  in  enlarging,  formed  the  cloud.  Many  discharges  of  a  cannon  interrupted  the 
course  of  the  water  from  the  sea,  which  was  elevated  in  rapid  spirals  and  separated  from  the  base.” 

This  likewise  seems  to  have  been  a  spout  of  small  diameter,  but  of  the  usual  tapering  form 
toward  the  bottom  and  a  rapid  widening  above  to  form  the  base  of  the  cloud.  That  the  discharge 
of  cannon  may  tend  to  break  up  water-spouts  of  small  dimensions,  is  not  to  be  regarded  as  improb¬ 
able  and  entirely  imaginary.  In  such  a  spout  the  rapidity  of  the  gyrations,  by  theory,  extends  to 
a  very  short  distance  from  the  center,  and  the  whole  comprises  a  mere  column  of  the  air  of  small 
diameter,  and  that  the  great  agitation  or  oscillating  motion  of  the  air  arising  from  the  discharge  of 
cannon  should  sensibly  affect  the  moments  of  gyration  and  gyratory  velocities,  and  thus  break  up 
the  spout,  is  not  at  all  unreasonable  to  suppose. 

M.  Defranc  remarks  that  “he  never  saw  a  water-spout  before  10  o’clock  in  the  morning  nor 
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after  5  o’clock  in  the  evening”;  that  ^‘they  never  appear  during  the  night  nor  during  the  winter,” 
and  that  there  are  always  two  circumstances  attending  them.  The  first  is  the  presence  of  the  sun 
during,  or  a  little  before,  the  phenomenon.  The  second  is  the  absence  of  the  wind,  or  only  a  very 
feeble  one,  except  always  in  the  space  occupied  by  the  water  spout.” 

Tornadoes  and  water  spouts  originate  only  in  an  unstable  state  of  equilibrium  of  the  air,  which 
requires  an  unusually  rapid  decrease  of  temperature  with  increase  of  altitude.  This  can  take  place 
only  when  the  strata  nearest  the  earth  are  unusually  heated,  and  this  never  occurs  in  the  night'or 
during  the  winter,  and  but  rarely  in  cloudy  weather.  Tornadoes  and  water  spouts,  therefore,  take 
place  mostly,  if  not  always,  in  the  summer  season  and  during  the  day,  when  it  has  been  clear  at 
least  a  short  time  before  their  occurrence.  If  any  agitation  of  the  air,  such  as  that  arising  finom 
the  discharge  of  a  cannon,  tends  to  break  up  these  meteors,  then  any  considerable  disturbance  of 
the  air  from  any  cause  must  tend  to  prevent  their  formation,  and  hence  they  do  not  occur  when 
there  is  more  than  a  feeble  wind.  This,  however,  does  not  apply  to  land-spouts  which  are  formed 
in  the  interior  of  a  tornado,  having  their  origin  in  a  state  of  unstable  equilibrium  in  the  cloud 
region,  and  commence  there,  but  rather  to  water  spouts  on  seas  and  lakes,  originating  in  a  state  of 
unstable  equilibrium  of  the  lower  unsaturated  strata  of  the  atmosphere. 

117.  According  to  theory,  without  friction  there  would  be  a  slender  thread  of  spout  at  the  center 
in  all  cases  after  the  gyrations  had  fairly  set  in  and  been  made  to  conform  to  the  law  of  (d),  but  on 
account  of  the  effect  of  friction  near  the  center,  where  the  gyratory  velocities  become  enormously 
great,  these  velocities  are  very  much  diminished  there,  and  do  not  conform  to  the  law  of  velocities 
inversely  as  the  distance  from  the  center.  The  spout,  therefore,  is  not  always  brought  down  to  the 
earth,  but  the  base  of  the  cloud  is  simply  brought  down  a  little  in  the  center  in  the  shape  of  a  funnel, 
as  represented  in  Fig.  17.  This  funnel-shaped  cloud  is  to  be  seen  at  the  first  formation  of  a  spout, 
before  fully  formed,  and  also  at  the  end  after  the  spout  is  broken  up,  and  is  often  observed  in  land 
tornadoes  in  which  the  whirl  first  commences  up  in  the  cloud.  In  this  latter  case  the  spout  may 
not  be  brought  to  the  earth  at  all  by  the  g^'rations,  or  these  gyrations  may  so  increase  and  extend 
themselves  as  to  draw  the  cloud  down  over  a  considerable  area  of  the  earth’s  surface,  as  represented 
in  Fig.  13,  and  then  the  cloud  does  not  have  the  appearance  of  a  spout. 

Water  spouts  at  sea,  fii’st  appearing  some  distance  oft‘,  can  generally  be  avoided  or,  if  not,  prep¬ 
arations  can  be  made  to  guard  against  the  danger ;  but  where  they  are  suddenly  formed  on  the 
spot,  and  drop  down,  as  it  were,  from  above,  they  give  little  forewarning  of  approaching  danger. 
This  is  exemplified  in  a  case  of  recent  occurrence.  The  British  bark  Bel  Stuart,  Captain  Harper, 
on  the  evening  of  November  14, 1878,  one  hundred  and  sixty  miles  off  Cape  Sable,  was  struck  by 
a  white  squall  m  a  comparatively  smooth  sea  and  clear  sky,  which  swept  her  decks  and  created 
consternation  on  board.  At  6  p.  m.  of  the  same  day,  all  bands  being  on  deck  after  supper,  a 
strange  sighing  of  the  wind  was  observed  by  the  watch,  and  the  sky  became  suddenly  threatening, 
without  a  corresponding  indication  of  the  barometer,  which  showed  a  rising  tendency.  Captain 
Harper  and  his  first  officer  were  on  the  deck  at  the  time.  All  hands  noticed  the  peculiar  change  in 
sea  and  sky  and  were  discussing  it,  when,  without  a  moment’s  notice,  the  sea  forward  seemed  to 
swell  up  to  meet  the  lowering  sky  and  swept  the  bark  across  her  bows,  carrying  away  her  foretop¬ 
mast,  foretopgallant-mast,  jib,  jib-boom,  foretopmast-stays,  and  the  maintopgallant-mast,  with  all 
their  accompanying  sails.  In  a  moment,  as  it  seemed,  the  bark,  with  all  sail  set  and  in  a  fair  wind, 
with  a  moderate  sea,  was  left  a  comparative  wreck  to  wallow  in  the  trough  of  the  tremendous  seas 
which  had  followed  the  spiral  volume  of  water.  Two  minutes  before  the  fatal  catastrophe  Captain 
Harper  says  there  was  no  indication  of  the  water-spout.”  (N.  Y.  Herald,  December  10, 1878.) 

It  seems  from  this  account  that  the  bark  ran  into  the  spout  as  it  was  being  formed  and  before 
it  became  visible.  The  sighing  of  the  wind  was  caused  by  the  rapid  gyrations  of  the  air,  and  the 
threatening  sky  by  the  incipient  condensation  of  the  aqueous  vapor  carried  up  by  the  ascending 
current.  The  barometer  remained  unaffected  because,  as  we  have  seen,  the  barometric  pressuro  is 
diminished  only  at  and  very  near  the  center,  and  the  observed  rising  of  the  sea  was  caused  by  this 
depression,  as  has  been  explained  in  the  theory  of  water-spouts.  The  injurious  effects  prove  the 
great  rapidity  of  the  gyrations  near  the  center  given  by  theory. 

118.  When  we  have  the  conditions  of  a  water  spout  in  fair  weather  with  little  moisture  in  the 
air,  we  have  what  are  called  white  sqmlls  or  fair-weather  whirlwinds.  In  such  cases  the  dew-point 
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is  so  low,  and  consequently  the  cloud,  when  formed,  is  so  high,  that  the  gyrations  may  not  be  able 
to  bring  it  down,  in  the  form  of  a  simut,  to  the  sea.  But  stiU  the  gyrations  and  the  rapidly  ascending 
current  in  the  central  part  are  there,  and  the  rising  and  boiling  of  the  sea.  High  up  in  the  air, 
also,  directly  over  the  boiling  of  the  sea  below,  is  a  patch  of  white  cloud,  formed  by  the  condensa¬ 
tion  of  the  vapor  in  the  ascending  current  when  it  arrives  at  the  height  at  which  it  begins  to  be 
condensed.  This  cloud  may  eventually  extend  over  a  considerable  portion  of  the  heavens,  but  at 
first  it  is  a  small  cloud  in  a  clear  sky,  as  represented  in  Fig.  17,  and  is  white  because  of  the  great 
amount  of  reflected  light  It  has,  no  doubt,  the  funnel  shape  beneath,  but  being  high  up,  and  the 
observer  being  generally  nearly  under  it,  this  feature  is  not  generally  observed.  If  the  air  be  not 
too  dry  it  may  be  followed  by  a  shower  of  rain. 

Peltier  says:  “White  squalls  are  very  rare,  but  they  are  sometimes  met  with  between  the 
tropics,  e8i)ecially  near  elevated  lands ;  they  are  generally  violent  and  of  short  duration.  They 
often  take  place  when  the  sky  is  clear  and  without  any  atmospheric  circumstances  giving  notice  of 
their  approach.  The  only  thing  which  indicates  their  proximity  is  the  boiling  of  the  sea,  which  is 
very  much  agitated  by  the  violence  of  the  winds.  Many  of  these  squalls,  which  commence  either 
by  a  little  cloud,  or  even  without  any  visible  cloud,  are  soon  accompanied  by  violent  rains  and 
thick  clouds.”  • 

The  bulVs-eye  squalls  on  the-west  coast  of  Africa  are  of  precisely  the  same  nature.  Accord¬ 
ing  to  Piddington,  the  Portuguese  describe  these  squalls  as  “first  appearing  like  a  bright  white  spot 
at  or  near  the  zenith,  in  a  perfectly  clear  sky  and  fine  weather,  and  which,  rapidly  descending, 
brings  with  it  a  furious  white  squall  or  tornado.” 

By  comparing  these  descriptions  with  the  account  of  the  water-spout  in  the  preceding  section, 
it  is  readily  seen  that  all  these  squalls  are  precisely  the  same  as  water  spouts,  except  that  the  air 
is  too  dry,  and  the  gyrations  not  quite  sufficient  to  bring  the  cloud  down  in  the  form  of  a  spout. 
They  may  occur  almost  anywhere,  but  are  much  more  frequently  met  with  in  some  parts  of  the 
earth  than  in  others.  They  are  very  common  on  and  near  the  west  coast  of  Northern  Africa.  This 
is  because  the  atmosphere  there  is  frequently  in  a  state  of  unstable  equilibrium.  The  tendency  of 
the  lower  strata  of  the  atmosphere  there,  as  in  the  trade-wind  region  generally,  is  toward  the 
west,  except  the  surface  sea-breeze  currents  in  summer.  This  is  proved  by  the  immense  amount 
of  dust  which  is  carried  out  from  the  continent  over  the  ocean,  so  that  ships  and  the  whole  surface 
of  the  sea  at  times  become  covered  with  it.  This  air,  coming  from  the  warm  and  dry  deserts  of 
Africa,  is  very  warm.  In  the  upper  strata  the  cold  ocean  air  from  the  west  overlaps  this  warm  air 
below,  and  thus  is  produced  a  very  rapid  diminution  of  temperature  with  increase  of  altitude,  and 
consequently  a  state  of  unstable  equilibrium,  which  is  one  of  the  conditions  of  a  tornado  or  water¬ 
spout.  The  other  condition  of  initial  gyratory  motion,  as  explained  in  §  91,  can  rarely  be  entirely 
wanting.  Hence  these  squalls  abound  here,  but  not  generally  in  connection  with  water-spouts, 
because  the  dry  air  from  the  continent  contains  too  little  moisture. 

119.  In  very  hot,  dry  climates,  where  there  is  a  sandy  soil,  we  have  sand-spouts^  or  pillars  of 
sand.  The  dry  air  in  such  climates  is  frequently  in  the  state  of  unstable  equilibrium,  and  there 
are  all  the  conditions  of  a  water-spout  except  the  vapor  to  condense.  The  gyrations  of  the  air  and 
the  ascending  currents  are  the  same  as  in  the  water-spout,  but  instead  of  carrying  up  vapor, 
they  collect  the  sand  or  dust  from  the  vicinity  and  carry  it  up.  The  inflowing  current  from  all 
sides  toward  the  vortex,  up  to  a  considerable  height  often,  keeps  it  near  the  center.  According  to 
(g),  however,  there  is  a  distance  from  the  center  where  the  force  arising  from  the  inflowing  current 
acting  upon  the  particles  of  sand,  and  the  centrifugal  force  of  the  gyrations,  are  in  equilibrium, 
and  this  distance  depends  upon  the  diameter  D  of  the  sand  particle,  unless  we  suppose  that  the 
velocity  ^  of  the  inflowing  current  toward  the  center  is  inversely  as  which  is  impossible,  for  this 
would  make  u  infinite  at  the  center,  whereas  we  know  that  it  must  vanish  there.  We  know  that 
u*  must  be  such  a  function  of  r  that  it  will  increase  from  the  center,  and  also  that  it  cannot  increase 
as  rapidly  as  the  flrst  piwer  of  r,  for  that  would  require  the  ascending  current  to  be  the  same  at 
all  distances  from  the  center,  but  we  know  it  must  be  greatest  at  the  center.  Let  us  therefore  put 
If'  =  cH  between  these  extremes.  With  this  expression  (g)  becomes 
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This  shows  that  for  different  values  of  D  there  is  a  corresponding  value  of  r,  and  hence  the  sand- 
particles  are  arranged  at  different  distances  from  the  center,  according  to  their  size,  the  largest 
ones  being  farthest  off.  On  account  of  the  unknown  value  of  c  in  any  case  we  cannot  determine 
this  value  of  r,  but  we  know  each  size  of  particles  must  have  its  status  at  some  certain  distance 
from  the  center.  The  same  result  would  be  obtained  with  either  extreme  of  w'  =  c,  or  u'  =  cr, 
except  that  the  status  of  the  particles  would  not  be  precisely  at  the  same  distance. 

If  there  was  no  limit  to  the  size  of  the  sand  particles  there  would  be  no  limit  to  the  distance 
from  the  center  at  which  they  would  gjTate,  provide  the  ascending  current  were  sufficient  to 
carry  them  up,  but  with  a  limit  to  their  size  there  would  be  a  limit  to  this  distance,  and  this 
would  determine  the  radius  of  the  sand-spout  or  pillar  of  sand.  But  where  there  is  no  limit  to 
the  size  of  the  particles,  and  they  are  of  all  sizes  from  the  smallest  up,  even  in  this  case  there  is  a 
condition  which  determines  the  size  of  the  spout,  and  that  is  that  the  ascending  current  must  be 
strong  enough  to  keep  them  suspended  in  the  air.  As  the  largest  particles  must  gyrate  at  the 
greatest  distances  from  the  center,  there  is  a  certain  distance  at  which  the  ascending  current  is  not 
sufficient  to  sustain  these  larger  particles,  and  this  determines  the  limit  of  the  spout,  for  beyond 
this  distance  the  larger  particles  cannot  be  sustained  and  the  smaller  ones  are  driven  nearer  the 
center,  where  the  ascending  current  keeps  them  from  falling. 

The  height  of  the  spout  in  this  case  depends  upon  the  height  at  which  the  ascending  currents 
incline  outward  from  the  center,  for  of  course  it  is  there  carried  away  and  dispersed.  This  height 
depends  upon  various  circumstances.  Many  of  these  pillars  of  sand  are  observed  to  be  very  tall. 
As  the  air  in  the  interior  is  collected  mostly  from  very  near  the  earth’s  surface,  it  is  often  very  hot. 
They  generally  have  a  progressive  motion  with  the  prevailing  general  current  of  the  wind. 

120.  Water  spouts  and  sand-spouts  are  holloxc.  By  the  equation  in  the  preceding  section,  there 
must  be  a  limit  within  which  water  or  sand  particles  cannot  enter  on  account  of  the  centrifugal 
force  of  the  gyrations,  unless  we  suijpose  the  smallest  of  these  particles  are  infinitely  small.  And 
since  r  diminishes  as  the  fourth  root  of  D,  even  in  that  case  there  would  be  sensibly  a  vacuum  of 
particles,  if  we  suppose  the  sizes  to  be  equally  distributed.  In  the  case  of  the  water-spout  the 
tension  and  temperature  diminish  very  rapidly  toward  the  center,  so  that  before  the  vapor  arrives 
near  the  center  it  is  nearly  all  condensed,  and  the  centrifugal  force  tends  all  the  time  to  drive 
the  water  or  cloud  particles  away  from  the  center,  even  beyond  the  distance  where  condensation 
first  takes  place,  as  represented  in  the  figures  of  the  water-spouts.  But  as  the  ascending  cur¬ 
rent  is  very  rapid,  and  the  spout  is  larger  above,  the  particles  are  perhaps  always  kept  within 
that  limit,  and  the  spout  is  not  enlarged  by  the  driving  of  the  particles  away  from  the  center, 
beyond  the  limit  where  condensation  first  takes  place.  In  the  case  of  both  water-spouts  and  sand¬ 
spouts,  therefore,  if  there  is  not  an  absolute  vacuum  of  particles  in  the  central  part,  the  particles 
are  so  exceedingly  rare  there  that  it  must  be  regarded  as  being  sensibly  a  vacuum. 

The  circumstances  under  which  observations  of  such  a  vacuum  can  be  made  are  very  rare. 
M.  Bou6,  in  the  year  1850,  observed  three  water-spouts  at  the  same  time  on  Lake  Janina,  from  the  top 
of  a  high  mountain.  The  weather  was  entirely  clear,  without  clouds  or  wind,  but  very  oppressive 
and  hot.  The  spouts  seemed  to  rise  up  from  the  lake,  and  he  could  look  down  into  the  top  of  them 
and  see  that  they  were  hollow  in  the  middle.  (Bulletin  Soc.  G6ologique  de  France,  t.  viii,  p.  274.) 

Of  a  whirlwind  observed  at  Schell  City,  Mo.,  in  the  summer  of  1879,  Professor  Kipher  says: 

There  were  no  surface  winds  strong  enough  to  bear  dust  along  the  surface  of  the  ground,  but  the 
dust  carried  up  in  the  vortex  was  collected  only  at  the  vortex  of  the  whirl.  The  dust  column  was 
about  two  hundred  feet  high,  and  perhaps  about  thirty  or  forty  feet  in  diameter  at  the  top.  The 
direction  of  rotation  was  the  same  as  of  storms  in  the  northern  hemisphere.  Leaving  the  road  the 
whirl  passed  out  on  the  prairie,  immediately  filling  the  air  with  hay,  which  was  carried  up  in  some¬ 
what  wider  spirals,  the  diameter  of  the  cone  thus  filled  with  hay  being  about  150  feet  at  top.  It 
was  then  observed  also  that  the  dust  column  was  hollow.  Standing  nearly  under  it,  the  bottom  of 
the  dust  column  appeared  like  an  annulus  of  dust  surrounding  a  circular  area  of  perfectly  clear 
air.  The  area  grew  larger  as  the  dust  was  raised  higher,  being  about  fifteen  or  twenty  feet  wide 
when  it  was  last  observed.”  (Nature,  Sept.  11, 1879.) 

The  water-spout  connected  with  the  great  tornado  of  April  18,  1880,  at  Marshfield,  Mo.,  seems 
also  to  have  been  hollow.  In  this  case  the  cloud  was  high,  and,  as  ^quently  happens  in  land 
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tornadoes,  the  spout  was  not  brought  down  to  the  ground,  but  simply  appeared  as  a  fuunel-shaped 
cloud.  The  following  testimony  is  taken  from  an  account  of  this  tornado  given  by  Professor  Nipher : 
‘‘Mr.  W.  R.  Steel,  who  heard  it  from  a  distance  of  half  a  mile,  heard  it  roaring  distinctly;  the 
cloud  was  high  in  air  find  was  coiie-shaped.  The  bottom  was,  however,  high  in  air  and  was  entirely 
disconnected  from  the  dust-whirl  at  the  ground.  The  bottom  of  the  funnel  seemed  to  sway  some¬ 
what  as  well  as  to  move  up  and  down.  It  looked  like  dark  smoke,  and  he  could  occasionally  see  up 
into  the  bottom  of  the  funnel,  which  seemed  to  be  hollow.  The  inside  seemed  to  be  somewhat 
lighter  colored  than  the  outside.  He  saw  also  the  effects  of  wind  at  the  surface  of  the  ground, 
branches  being  twisted  from  the  trees.  This  evidence  was  given  to  Professor  Shepard  without  any 
leading  questions  being  asked.^  (Missouri  Republican,  May  14, 1880.) 

121.  The  wind  is  often  observed  to  blow  in  blasts,  with  an  oscillating  vane  and  unsteady  barom 
eter.  This  arises  from  the  air  running  into  numerous  whirls,  or  gyrations,  while  it  at  the  same 
time  has  a  progressive  motion.  These  are  ‘especially  liable  to  occur  in  connection  with  gen¬ 
eral  cyclones  extending  over  a  considerable  area,  for  then,  especially  in  the  cloud  region,  the 
air  is  often  in  a  state  of  unstable  equilibrium,  and  on  account  of  the  gyrations  of  the  cyclone  the 
moments  of  gyration,  with  regard  to  any  point  in  the  cyclone  where  there  may  be  a  rushing  up  of 
the  air  of  the  lower  strata  through  the  upper  ones,  cannot  generally  be  naught,  and  hence  we  have 
both  conditions  which  are  required  for  the  formation  of  these  whirls  in  the  atmosphere.  These 
may  form  small  secondary  cyclones,  or  tornadoes  and  water  spouts,  or  simply  a  slight  whirling  in 
the  atmosphere  of  not  much  violence.  The  progressive  motion  of  the  air  in  which  these  gyrations 
occur  may  be,  and  is  mostly,  that  of  the  larger  cyclone  in  which  the  small  gyrations  occur. 

When  the  directions  of  the  gyratory  and  progressive  motions  coincide,  the  resultant  velocity 
becomes  unusually  strong,  and  we  have  a  strong  blast.  The  area  of  the  whirl  passes  on  and  we 
have  the  average  velocity,  or  it  may  be  succeeded  immediately  by  the  side  of  another  whirl  in 
which  the  gyratory  motion  is  in  the  contrary  direction,  and  the  average  velocity  then  is  very  much 
diminished,  or  if  the  gyratory  and  progressive  velocities  are  nearly  the  same,  there  will  be  sensibly 
a  perfect  calm  for  several  moments.  It  is  readily  seen,  also,  that  with  the  passing  of  each  one  of 
these  whirls,  or  gyrations,  the  resultant  direction  of  wind  must  at  the  same  time  change  with  the 
passing  of  different  portions  of  the  whirl,  and  this  causes  an  oscillation  of  the  wind  vane.  If  the 
gyratory  velocity  is  greater  than  the  progressive,  it  may  be  whirled  entfrely  around.  These  blasts 
and  oscillations  of  the  vane  are  especially  observable  on  the  cleariug-up  side  of  a  storm.  This  is 
the  clear  cold  side,  and  as  the  upper  part  of  this  is  canied  forward  eastward  faster  than  the  lower, 
it  overlaps  the  more  central  warmer  part  of  the  air  below  before  it  has  time  to  cool  down  by  radia¬ 
tion,  and  thus  there  i8l)roduced  a  more  rapid  diminution  of  temperature  with  increase  of  altitude, 
and  a  state  of  unstable  equilibrium  in  which  these  gyrations  of  the  air  readily  originate.  It  is 
similar  to  what  takes  place  on  the  west  coast  of  Africa,  as  explained  in  §  118,  giving  rise  to  the 
buU^s-eye  squalls.  As  a  patch  of  white  cloud  is  seen  vertically  over  the  place  of  each  one  of  these 
squalls,  so  on  the  clearing-up  side  of  a  storm  a  cumulus  cloud,  white  if  the  sky  generally  is  clear, 
indicates  the  existence  of  one  of  these  gyrations  of  the  air  which  give  rise  to  blasts  and  oscilla¬ 
tions  of  the  wind  vane.  The  cloud,  generally  high  up  because  there  is  not  much  vapor  remaining 
in  the  air,  is  produced  by  the  condensation  of  the  vapor  in  the  ascending  current  in  the  central 
part  of  these  whirls,  which  mostly  are  not  of  much  violence,  but  sufficient  to  produce  considerable 
variations  in  the  velocity  and  direction  of  the  wind. 

122.  The  oscillations  of  the  barometer,  sometimes  called  “pumping,’’  and  which  are  known  to 
be  associated  with  gusts  of  wind,  are  not  only  accounted  for  by  (j)  or  (^•),  but  the  exact  amount  of 
barometric  oscillation,  corresponding  to  a  given  change  in  the  wind’s  velocity,  can  be  computed. 
It  will  be  remembered  that  this  formula  gives  the  effect  of  the  small  term  in  (/)  depending  upon 
the  inertia  of  the  air,  which  was  neglected  in  the  general  theory  of  cyclones  and  tornadoes,  but 
has  to  be  considered  where  there  are  any  sudden  changes  of  velocity.  By  the  formula  (J)  or  (k)  a 
change  of  velocity  from  10  meters  per  second  to  a  calm  affects  the  barometer  placed  on  the  side 
of  a  wall  or  any  barrier  against  which  the  wind  blows,  and  where  consequently  it  is  in  a  calm, 
and  the  value  w,  =  0,  and  produces  a  con'esponding  change  in  the  pressure  of  O.Oo*”®.  A  change 
from  a  velocity  of  10  meters  to  20  meters  per  second  produces  a  change  of  0.15“™,  and  from  a  veloc¬ 
ity  of  20  meters  to  30  meters  a  change  in  the  pressure  of  0.25““,  the  whole  change  being  as  the 
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squares  of  the  velocities.  From  this  it  is  seen  that  these  small  oscillations  of  the  barometer,  for 
the  same  changes  of  velocity,  are  much  greater  for  large  progressive  velocities  than  for  small  ones, 
and  hence  this  unsteadiness  of  the  barometer  beconu's  particularly  observable  on  the  approach  of 
and  during  storms. 

These  oscillations  in  northern  latitudes  r«arely  exceed  0.02  in.*  (0.5"’"’).  With  a  progressive 
velocity  of  20  meters  per  second,  changed  by  a  blast  to  36  meters,  there  would  be  a  change  in  the 
barometer  of  0.5""",  and  the  same  with  a  change  from  30  to  about  42  meters  per  second.  These 
are  about  the  greatest  changes  which  occur  in  the  velocities  of  the  wind  in  gusts  or  blasts,  and 
hence  the  oscillations  rarely  exceed  0.5"”".  Much,  however,  depends  upon  the  position  of  the  barom¬ 
eter.  This  must  be  placed  where  the  air  is  entirely  obstructed,  and  the  velocity  reduced  to  naught. 
If  placed  in  the  current  there  is  no  change  produced  by  a  change  of  the  velocity.  On  the  wind¬ 
ward  side  of  a  barrier  there  is  a  slight  rise  of  the  barometer  with  an  increase  of  the  wind’s  velocity, 
but  on  the  lee  side  there  is  a  slight  decrease  due  to  the  ‘‘drag”  of  the  air.  A  barometer  placed  in 
an  air-tight  room  of  course  would  not  be  affected,  and  perhaps  not  sensibly  in  any  room  with  doors 
and  windows  closed,  esi)ecially  where  the  blasts  are  sudden  and  of  short  duration. 

In  the  hurricanes  of  the  Antilles  observation  shows  that  these  small  oscillations  of  the  barom¬ 
eter  are  closely  connected  with  and  dependent  upon  the  blasts  of  the  wind,  and  that  oscillations 
of  the  vane  always  accompany  the  blasts,  showing  that  the  latter  are  due  to  small  gjrations  of  the 
air.  The  amplitudes  of  the  oscillations  here  seem  to  be,  in  general,  a  little  greater  than  those  given 
above,  arising  perhaps  from  the  greater  violence  of  the  winds  generally  in  these  hurricanes. 
“Under  the  influence  of  the  blasts  the  barometric  column  is  so  agitated  and  so  irregular  that  it 
renders  the  reading  of  it  very  difficult,  since  it  is  scarcely  possible  to  take  an  exact  medium.  The 
amplitude  of  the  oscillations  is  usually  from  four  to  eight-tenths  of  a  millimeter,  and  sometimes 
more.  The  agitation  is  fitful  and  violent,  just  as  the  impulses  which  the  anemometer  receives  and 
the  oscillations  made  by  the  vane.”  (Ai^untes,  &c.,  p.  181.) 

123.  A  consideralde  l  ise  of  the  barometer,  amounting  sometimes  to  several  millimeters,  is  often 
observed  during  a  sudden  squall,  accompanied  by  an  abundance  of  rain  or  hail.  The  rise  in  such 
cases  depends  mostly  upon  a  sudden  condensation  of  a  great  amount  of  aqueous  vapor  into  rain 
where  there  is  a  rapid  ascent  of  saturated  air,  for  this  rain,  so  ffir  as  it  is  retarded  in  its  fall  by  the 
resistance  of  the  air,  adds  to  the  pressure  of  the  air  at  the  earth’s  surface.  The  rain  or  hail  in  such 
cases  usually  falls  from  a  great  height,  and  as  soon  as  the  drops  in  falling  arrive  at  their  maximum 
velocity,  where  the  resistance  is  equal  to  their  iveight,  the  pressure  of  the  air  is  increased  by  the 
whole  weight  of  the  rain  in  the  air  above.  Of  course  there  has  to  be  a  barometric  depression  to 
give  rise  to  the  ascending  currents,  but  when  the  rain  is  rapidly  generated,  the  accumulated  weight 
of  it  soon  amounts  to  more  than  the  barometric  depression,  and  causes,  for  a  short  time,  a  rise  of 
the  barometer.  When  the  ascending  currents  also  are  very  rapid,  we  have  seen  that  the  rain  and 
hail  are  carried  out  from  the  center  where  there  is  a  barometric  depression,  and  falls  and  adds  its 
weight  to  the  air  where  there  is  no  barometric  depression. 

In  a  tornado  at  Kew  Harmony,  Ind.,  April  30,  1852,  an  account  of  which  has  been  given  by 
Chappelsmith  (Silliman’s  Journal,  vol.  xxiii,  p.  17),  the  rise  of  the  barometer  for  a  short  time  was 
nearly  one-tenth  of  an  inch,  and  this  was  accompanied  by  a  great  fall  of  rain  and  hail.  For  several 
days  before  there  was  a  gradual  fall  of  the  barometer  amounting  to  four  or  five  tenths  of  an  inch, 
and  a  gradual  rise  again  after  the  tornado,  so  that  the  tornado  seems  to  have  been  at  or  near  the 
center  of  a  cyclone  of  considerable  extent,  but  the  small  rise  of  the  barometer  seems  to  have  been 
veiy  sudden  at  the  commencement  of  the  shower,  and  the  fall  back  again  to  almut  the  same  level 
at  the  end  of  the  shower. 

Two  very  sudden  storms  of  this  sort  were  experienced  by  the  submarine  cable  expedition  in  the 
Persian  Gulf  on  the  1st  and  2d  of  November,  1869.  (Quarterly  Journal  Met.  Society,  vol.  i,  p.  117.) 
In  both  cases  the  violence  of  the  storm  continued  about  two  hours,  while  torrents  of  rain  swept  the 
decks  of  the  vessels  employed  in  laying  the  telegraph  cable.  It  is  stated  that  “  the  barometer  re¬ 
mained  on  both  occasions  unaftected  up  to  the  last  moment;  but  as  soon  as  the  storm  arrived  it 
rose  about  two- tenths  of  an  inch,  and  fell  again  when  it  passed  over,  thus  showing  that  the  propel- 

*  See  papers  on  certain  smaU  oscillatious  of  the  barometer,  by  Hon.  Ralph  Abercrombie,  F.  M.  S.  Quarterly  Journal 
Mot.  Soc.,  vol.  ii,  p.  435.  Also,  p.  450. 
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ling  power  was  pressure  from  behind,  produced  by  the  weight  of  the  falling  rain  or  some  other  cause, 
and  not  vacuum  in  front,  as  in  ordinary  storms.”  There  is  nothing  in  the  theory  of  stonns  to  ac¬ 
count  for  such  a  rise  of  the  barometer,  except  upon  the  hypothesis  that  it  is  caused  by  tlie  weight 
of  rain ;  but  the  theory  requires  that  there  should  be  a  small  barometric  depression  somewhere  in 
the  vicinity,  at  least  in  the  initial  stages  of  the  storm,  to  give  rise  to  the  ascending  currents  upon 
which  the  rain  depends.  That  no  such  depression  was  observed  only  shows  that  the  observer  and 
the  rain  fall  were  not  precisely  where  the  depression  was,  but  only  in  its  vicinity,  for  from  the  results 
of  the  table,  §  102,  it  is  seen  that  within  the  limits  of  considerable  violence  of  the  wind  there  is  bu 
little  barometric  depression  when  there  is  no  rain,  and  this  may  be  surpassed  by  the  increase  o 
pressure  from  rain  where  the  rain  falls,  unless  it  should  be  exactly  at  the  centei*,  where  in  violent 
storms  it  has  been  shown  the  rain  cannot  fall. 

That  the  rise  of  barometer  during  heavy  rain  falls  is  due  to  the  weight  of  rain  is  evident  from 
coDiparisons  of  rain  fall  with  the  curve  of  the  barogram,  from  which  it  is  seen  that  heavy  rain¬ 
falls  coincide  with  these  small  sudden  rises  of  the  barometer,  as  has  been  shown  by  Hon.  Ralph 
Abercrombie  in  the  paper  already  referred  to. 

END  OF  THE  SECOND  TART. 


ERRATA  IN  PART  I. 

In  $  8,  equation  (10),  for  “0.36(53”  read  “0.00:5663.’^ 

Id  $  9,  equation  (14),  for  “a”  read  “ a'.’’ 

In  $  13,  for  “the  year  1860’^  read  “June,  1859.” 

In  $  35,  equation  (40),  for  “sin  6”  read  “sin  ‘^0.” 

In  $  42,  for  “0.00000032775”  read  “0.0000032775,”  and  for  “0.0035"“'"”  read  “0.035'""“.” 
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APPENDIX  No.  11. 

DlSCrS.SlON  OF  TIDES  IN  PENOBSCOT  BAY,  MAINE,  BY  WILLIAM  FERKEL. 

TJ.  B.  Coast  and  Geodetic  Survey  Office, 

December  31,  1878. 

Sir:  I  have  the  honor  to  submit  the  following  results  of  the  harmonic  analysis  and  discussion 
of  the  tide  observations  made  in  Pulpit  Cove,  on  North  Haven  Island,  in  Penobscot  Bay,  Maine. 

This  site  was  selected  by  the  Superintendent  as  best  fulfilling  the  conditions  for  favorably 
exhibiting  the  characteristics  of  the  tides  in  the  Gulf  of  Maine,  being  as  near  to  deep  water  and 
as  secure  from  storms  as  could  be  found  on  the  coast  of  Maine. 

Sheltered  from  the  immediate  eftect  of  great  storms,  the  Pulpit  Cove  Tide  Station,  situated  in 
lat.  44^  OB',  long.  08^  53',  lies  within  25  miles  of  the  deep  water  of  the  gulf,  with  a  free  access  of  the 
tide  wave  through  not  less  than  25  fathoms,  and  distant  only  1 J  miles  from  the  limit  of  30  fathoms, 
in  the  deep  basin  of  Penobscot  Bay.  Through  that  distance  the  dei)th  gradually  diminishes  with¬ 
out  any  bar  to  3  fathoms,  at  low  water,  within  about  100  yards  from  the  tide-gauge.  (See  accom¬ 
panying  illustration.)  Since  the  range  of  the  tide  here  is  nearly  ten  feet,  the  sectional  area  of  the 
inlet  near  the  gauge  is  at  low  water  about  four-fifths  of  what  it  is  at  high  water. 

The  observations  used  in  this  analysis  were  commenced  January  22,  1870,  and  extend  to  the 
end  of  the  year  1875,  embracing  a  series  of  nearly  six  years.  These  were  made  by  means  of  a 
self-registering  tide  gauge,  from  the  curves  of  which  the  hourly  co-ordinates  were  measured  and 
recorded,  and  the  records  were  furnished  me  by  Mr.  R.  S.  Avery,  chief  of  the  Tidal  Division.  The 
series  is  wonderfully  perfect,  every  hourly  co-ordinate  being  given  for  the  whole  of  the  six  years, 
and  it  rarely  happened  that  a  co-ordinate  was  given  by  interpolation  or  otherwise,  as  is  indicated 
by  a  differently  colored  ink,  and  not  from  actual  measurements  of  the  curves.  The  observations 
appear  to  be  entirely  reliable. 

The  principles  and  general  plan  adopted  in  analyzing  these  tides  are  the  same  mainly  as  those 
adopted  by  the  Tidal  Committee  of  the  British  Association,  of  which  Sir  William  Thomson  is 
chairman,  and  used  in  analyzing  the  tides  of  Liveii)ool,  Portland  Breakwater,  and  other  places. 
There  are,  however,  many  variations  in  the  details  of  carrying  them  out. 

The  preliminary  investigations  necessary  for  the  commencement  of  the  work,  together  with  the 
results  of  the  analysis,  and  their  discussions  and  applications,  arc  contained  in  the  following  pages 
under  four  general  heads :  I.  The  general  principles  of  the  harmonic  analysis  and  discussion  of 
tide  observations.  II.  The  results  of  the  analysis  of  the  tide  observations  of  Pulpit  Harbor.  III. 
The  comparison  of  the  results  of  the  analysis  with  theory.  IV.  Practical  applications  of  the 
results. 

Under  the  first  head  are  given  the  object  of  the  harmonic  analysis,  an  explanation  of  the  gen¬ 
eral  principles,  and  an  investigation  and  preparation  of  all  the  formuhe  and  tables  necessary  in 
carrying  out  the  analysis  and  in  reducing  the  results.  There  is  also  given  a  more  thorough  investi¬ 
gation  of  the  subject  of  shallow-water  tides  than  was  given  in  my  Tidal  Researches,  which  seemed 
necessary  in  the  study  of  the  various  tidal  relations  and  the  further  improvement  of  the  tidal 
theory’.  This  preliminary  part  required  much  labor  and  study,  and  the  results  form  the  principal 
part  of  the  following  pages.  This,  however,  is  work  now  done,  once  for  all,  and  need  never  be 
repeated,  being  needed,  however,  in  future  for  constant  reference,  if  the  work  is  continued  on  this 
plan,  but  the  work  in  any  future  analysis  of  the  tides  would  be  comparatively  small  after  all  this 
preliminary  work  h:is  been  done. 

Under  the  second  head  are  given  the  results  of  the  analysis  of  the  tides  of  Pulpit  Cove,  with 
all  the  necessary  reductions  required  to  make  them  convenient,  either  for  theoretical  investigation 
and  study  of  the  tidal  theory,  or  for  practical  purposes. 
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Under  the  third  head  is  contained  a  comparison  of  the  results  obtained  from  the  analysis  of 
the  tide  observations  of  Pulpit  Cove,  with  the  various  theoretical  relations  and  tidal  expressions 
given  in  ray  Tidal  Researches,  in  the  same  manner  that  I  compared  in  that  work  the  results  of  the 
analysis  of  the  tides  of  Liveri>ool,  Portland  Breakwater,  Kurnichee,  &c.,  obtained  by  the  Tidal 
Committee  of  the  British  Association. 

Under  the  last  head  are  given  directions  and  foinuilai  i‘or  making  i>ractical  a[>plications  of  the 
results  in  tidal  predictions  or  the  computations  of  tidal  ephenierides,  either  of  the  hourly  co-ordi¬ 
nates  or  of  the  times  and  heights  of  high  and  low  water. 

Throughout  the  whole  work  it  has  been  necessary  to  make  references  frequently  for  principles, 
formuhe,  constants,  &c.,  to  my  Tidal  Researches,  published  as  a  separate  Appendix  to  the  United 
States  Coast  Survey  Report  of  1874.  It  would  haA'e  been  impossible  to  go  over  the  whole  work 
here  of  obtaining  them  again,  and  they  are  to  be  found  nowhere  else. 

3Iany  of  them  depend  upon  complex  developments,  and  in  revising  these  I  have  found  a  very 
small  term  used  with  the  wrong  sign,  which  affects  the  constants  of  the  two  nodal  lunar  terms  of 
the  diurnal  tide.  The  reversal  of  this  tenn  causes  an  error  which  in  the  Atlantic  tides  amounts  to 
only  about  one-eighth  of  an  inch,  and  its  correction  is  only  important  inasmuch  as  it  affects  slightly 
ray  new  equations  for  determining  the  moon’s  mass  from  the  diurnal  tide.  This  small  correction 
has  been  applied  here  to  the  two  constants  affected. 

Very  respectfullv,  youi’s, 

WM.  FERREL. 


C.  P.  Patterson, 

Superintendent  United  States  Coast  and  Geodetic  Survey. 


I.— GENERAL  PRINCIPLES  OF  THE  HARMONIC  ANALYSIS  AND  DISCUSSION  OF  TIDE  OBSERVATIONS 

1.  The  potential  of  the  tidal-disturbing  forces  of  the  moon  and  sun,  denoted  by  V,  may  be 
developed  into  a  series  of  harmonic  terms,  which  may  be  expressed  by 

(1)  V  =  r,,p„cos(C<+  O 

in  which  the  angle  increases  in  proportion  to  the  time  t.  and  in  which  P,^,  i,^,  and  are  constants 
belonging  to  the  term  of  which  the  characteristic  is  n. 

If  we  let  H  represent  the  height  of  the  tide  above  some  assumed  horizontal  plane,  we  have  a 
corresponding  similar  tidal  expression. 

(2)  H  =  2;A„cos(^e+c*, -ej 

in  which  A^and  called  amplitudes  and  epochs,  are  constants  not  found  in  the  expression  of  V,  but 
between  which  and  the  constants  P„  and  respectively,  there  are  certain  theoretical  relations.  In 
these  expressions  a  constant  of  integration  is  implied,  which,  in  the  latter,  may  be  denoted  by  A^. 

In  deep-water  tides,  for  each  term  in  H,  there  is  a  corresponding  term  in  V,  upon  which  the 
former  directly  depends,  but  in  shallow  waters  there  is  a  numerous  class  of  terms,  called  shallow- 
water  components,  for  which  there  «are  no  coiTesponding  terms  in  the  tidal  forces,  and  which  there¬ 
fore  do  not  depend  directly  upon  these  forces.  While  the  sensible  terms  depending  directly  upon 
the  forces  are  mostly  only  diurnal  and  semidiurnal  components,  there  are  often  quite  large  quarter- 
diiHual,  and  also  one-sixth  diunial,  and  even  one-eighth  diurnal  components  in  shallow-water  tides. 
The  effects  of  the  shallow-water  components  are  especially  observable  in  river  tides;  where  they 
usually  cause  great  distortions  in  the  form  of  the  regular  semidiurnal  tide  of  deep  waters.  In 
some  rare  cases,  where  the  semidiurnal  tide  is  very  small  small,  as  in  the  vicinity  of  Nantucket 
and  Martha’s  Vineyard,  the  lunar  quarterdiuriial  shallow- water  component  is  the  principal  tide,  aqd 
gives  rise  to  four  maxima  and  four  minima  in  24  hours. 

The  object  of  the  harmonic  analysis  of  the  tides  is  to  determine  from  observation  the  unknown 
constants  A  and  £  for  each  of  the  numerous  terms  in  the  expression  of  H,  which  arc  supposed  to 
be  of  any  importance.  If  it  were  not  for  the  abnormal  disturbances  of  winds,  changes  in  barometric 
pressure,  &c.,  very  few  observations  would  suffice  for  this  purpose,  but  on  account  of  these  dis¬ 
turbances  it  is  necessary  to  use  the  averages  of  a  sufficient  number  of  observations  to  eliminate  all 
sensible  effects  of  these  disturbances,  which,  when  great  accuracy  is  aimed  at,  requires  the  observa¬ 
tions  of  a  series  of  years. 

2.  The  terms  in  the  expression  of  H  (2)  may  be  divided  into  classes  each  of  which  may,  in 
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general,  contain  several  sensible  terms,  called  diurnal,  semidiurnal,  &c.,  components,  since  the 
period  of  the  first  one,  either  real  or  only  supposed,  differs  but  little  from  that  of  a  solar  day.  If 
we  let  e  denote  the  characteristic  of  the  class,  and  «  that  of  any  term  in  the  class,  we  can  put  the 
expression  of  H  into  the  following  form : 

(3)  H  =  cos  («/,  i  + 

in  which  and  e,  have  the  values  of  and  c„  respectively  in  (2)  belonging  to  the  diurnal  component. 

The  principal  class  of  terms  in  this  expression  is  that  which  depends  upon  the  mean  moon^  that 
is,  upon  a  moon  moving  uniformly  in  the  equator  at  the  same  distance  from  the  earth,  giving  rise 
to  a  semidiurnal  tide,  and  a  very  small  terdiurnal  tide,  and  in  shallow  waters  to  several  shallow- 
water  components.  The  next  most  important  class  is  that  which  depends  in  the  same  way  upon 
what  may  be  called  the  mean  sun^  giving  rise  in  deep  w  aters  to  a  semidiurnal  tide  only,  but  in 
shallow  waters  to  quarterdiiirnal,  &c.,  tides. 

As  each  of  the  other  classes  of  terms  in  H  depends  ui^on  terms  in  the  expression  of  V  in  (1) 
similar  to  that  of  the  mean  moon,  each  one  may  be  said  to  depend  upon  a  fictitious  moon,  differing 
merely  from  the  mean  moon  in  magnitude  and  the  apparent  velocity  with  which  it  moves  around 
the  earth. 

If  wo  i)ut  M,  as  a  generic  expression  of  these  moons  and  let  e  =  1  be  the  characteristic  of  the 
class  of  components  depending  upon  the  mean  moon,  then  this  class  may  be  denoted  hy  the  M, -tides 
or  components.  In  like  manner  the  class  depending  upon  the  mean  sun  maybe  called  the  M,tides, 
and  so  on  for  all  the  others.  The  angle  ij  +  c,  in  (3)  is  the  hour  angle  of  the  moon  M,,  being  its 
value  at  the  time  t  =  o,  w  hich  may  be  assumed  at  i)leasure.  The  constant  e  is  usually  put  with 
the  negative  sign  in  tidal  expressions,  so  that  its  value  divided  by  si  gives  the  time  by  which  the 
maximum  of  the  tide  follows  the  passage  of  the  fictitious  moon  over  the  meridian. 

3.  In  the  harmonic  analysis  of  the  tides  it  is  necessary  to  know,  at  the  outset,  the  values  of 
i,  and  also  those  of  c,  in  (3)  for  each  of  the  three  components  of  which  we  wish  to  determine  by 
observation  the  amplitudes  and  epochs.  In  the  subsequent  discussions  of  the  results  and  compari¬ 
sons  with  theory  it  is  also  necessary  to  know-  the  values  of  the  constants  P„  in  (1),  or  at  least  their 
relative  values,  since  there  are  certain  theoretical  relations  between  the  constants  P„  and  the  ampli¬ 
tude^  A,,,  and  likewise  between  E„  and  i„.  These  constants  are  only  obtainable  from  a  complete 
development  of  the  function  V,  which  is  found  in  the  second  chapter  of  my  Tidal  Researches,  in 
w  hich  the  constants  in  the  following  schedule  are  either  found,  or  quantities  from  which  they  are 
easilv  dcducible. 

SCHEDULE  I. 


Class  of 
tides. 

Values  of  Vn. 

Diurnal  com-  j  Semidiurnal 
poneutn.  j  components.  | 

ir. 

1.0000 

o 

14. 492052 

M  .  _ _ 

0.  0350 

14. 489846 

m. . 

.  052 

14. 496694 

.011 

14.  487410 

M?  or  S.. 

0.4582—36.2 

0. 1256—3.  2 

0.  0350 

15.  000000 

Mi  or  K. . 

Ws . 

.  5:j0()~iy.  1  SfjL 

.071 

15.  041069 

15.  043275 

nr  T. 

0.  0286 

14. 764239 

M*  or  X . . 

0. 1922 

14.  219865 

.3t?13 

13.  943036 

M'« . 

.084 

13.  940824 

M?  or  P.. 

.1730  13.6 

14.  958932 

. 

0.0078 

14.  727813 

0.  0375 

14.  2.56291 

0.0240 

13.  984104 

0.  0039 

0.0206 

15.  020534 

14. 979466 

15. 585443 

Mu  or  T.. 

Mu  or  J.. 
Mi4or  Q.. 

.011 

.Q52 

13.398661 

Description  of  components. 


y—\ . 

^  (0)+  ff)  —  (A  — A') 

A' — A  -f  w  —  i  ir _ 

A'-A-i  +  i  TT... 


A' . 

A'_a>  — Jir . 

A' — A  +  4  vi  +  i  IT. 

A'— A — 4  ''I . 

A'— 2  A  f  4  IT . 

V— 2  A  +  m-I-4  n. 

— A-f-f  V . 

— 4  VI  +  4  ir . 

%  VI 4*2  (A' — A)  ... 
2(A'— A)+4»r  ... 

Iv'  +  w . 

-4v' . 

A'4- VI— 4  IT . 

A' — 2  A  —  VI  +  4"^  - 


Moan  lunar. 

Lunar  nodal. 

)  Lunar  elliptic  and  dcclina 
5  tional. 

Mean  solar. 

Lnnar  and  solar  declinational. 
Lunar  nodal.  j 

I  Lunar  elliptic. 

Lunar  declinational. 

Lunar  nodal.  j 

Solar  declinational. 


Erection. 


Variation. 


^  Solar  elliptic. 

)  Lnnar  elliptic  and  declina- 
>  tional. 
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The  first  column  of  this  schedule  conta-ins  the  notation  adopted  to  designate  the  different  classes 
of  components,  and,  in  connection,  that  used  by  the  Tidal  Committee  of  the  British  Association. 
The  former  corresponds  with  the  general  form  of  notation  and  is  preferable  for  some  reasons,  but 
it  will  be  more  convenient  in  some  cases  to  use  the  latter.  For  instance,  the  lunar  quarterdiumal 
component  may  be  denoted  by  M^,  4,,  or  by  M*  ,  and  the  solar  semidiurnal  component  by  M  .,  ^ ,  or 
by  Sj,  and  so  on,  and  hence  tlie  latter  notation  is  most  convenient  in  such  cases,  since  there  is  only 
one  subscript  number. 

There  are  several  components  introduced  into  the  schedule  which  are  not  used  in  the  analysis 
of  the  tides,  and  hence  are  not  included  in  the  regular  notation,  which  is  designed  to  be  used 
merely  in  the  analysis  of  the  tides.  These  components,  it  will  be  observed  from  the  corresponding 
values  of  i,  have  periods  so  nearly  the  same  as  those  of  other  larger  components  that  it  is  impos¬ 
sible  to  analyze  them  except  with  a  long  seiies  of  observations.  Jn  the  analysis  of  a  single  year’s 
observations  the  effect  of  the  smaller  components  is  to  cause  a  change  from  year  to  year  in  the 
amplitudes  and  epochs  of  the  larger  component's  of  nearly  the  same  periods.  In  the  discussions 
of  the  results  of  the  analysis,  however,  and  in  comparisons  witli  theory,  it  is  necessary  to  have  the 
constants  belonging  to  these  components,  and  hence  they  are  included  in  the  schedule. 

The  values  of  are  copiexi  from  page  44  of  my  Tidal  Researches,  the  small  correction  being 
applied  to  the  two  lunar  nodal  diurnal  components  which  has  been  referred  to.  The  values  of  given 
in  degrees  per  hour,  have  been  obtained  from  the  data  given  at  the  bottom  of  the  next  page  in  the 
work  already  referred  to.  The  expressions  of  are  readily  deducible  from  those  of  §§  28,  21),  Tidal 
Researches,  by  subtracting  —  A'),  the  dift’ereuce  between  the  mean  longitudes  of  the  moon  and 
sun,  in  the  case  of  the  diunial  comimnents,  and  from  the  half  of  those  expressions,  in  §  29,  in  the 
case  of  the  semidiurnal  components.  AYhere  the  signs  of  have  been  changed  in  copying,  a  cor¬ 
responding  change  has  been  made  by  adding  Jr  to  the  expression  of  c„  equal  to  r  to  2c^.  In  the 
development  of  the  forces  for  theoretical  purposes  it  was  necessary  for  these  expressions  to  be 
aiTanged  with  reference  to  the  mean  moon,  and  the  predominating  tidal  /component,  but  in  the 
analysis  of  the  tides  these  expressions  are  necessarily  required  with  reference  to  the  mean  sun. 
Hence  the  necessity  for  the  reduction  above.  The  following  are  the  definitions  of  the  quantities 
given  in  the  expressions  of  c, : 

X  =  the  mean  longitude  of  the  moon  ; 

//  =  the  mean  longitude  of  the  sun ; 

Vi  =  the  mean  anomaly  of  the  moon ; 
v'  =  the  mean  anomaly  of  the  sun; 

(o  =:  the  longitude  of  the  moon’s  ascending  node; 
ai  =  the  longitude  of  the  moon^s  perigee; 
r2  =  the  argument  of  variation. 

The  values  of  in  the  expression  of  H  in  (3)  depend  upon  the  assumed  epoch  of  ^  =  0,  and  the 
values  of  the  quantities  in  the  expression  of  c,  must  be  taken  for  that  epoch.  It  must  be  under¬ 
stood  here  also  that  the  expressions  of  c„  given  in  the  schedule,  are  those  which  are  to  be  used 
when  the  epoch  is  assumed  at  noon,  but  if  f,  or  the  hours,  are  reckoned  from  midnight,  r,  or  180^, 
must  be  added. 

4.  In  addition  to  the  short-period  components  of  the  preceding  schedule,  there  are  also  a  few 
of  comparatively  long  period,  which  may  be  sensible  to  observation,  especially  in  high  or  low  lat¬ 
itudes  of  the  earth.  The  expression  of  these  components  in  feet  is  (Tidal  Researches,  §  94) 


(4) 


Yo  =  0.230  (a  —  3  cos  ^0)  H,  cos  (w,  t  +  fc,) 


in  which,  with  the  constant  k,  added,  the  origin  of  t  is  the  same  for  ail  tlie  components.  We  shall 
give  here  the  constants  of  only  the  principal  components,  which  will  be  all  that  we  shall  have 
occasion  to  use.  They  are 


Ha  =  0.163, 
Ha  =  0.312, 
He  =  0.023, 
Ha  =  0.141, 


Ma  =  13*3.06500,  h 

V3  =  260.35280,  k^ 

Us  =  00.98560,  ks 

«,  =  10.97130,  h 


Vi  =  —2  Ce, 

21  =2(C3-Ci), 
v’  =2ci„ 

2k'  =  2c3, 


Lunar  elliptic  component. 
Lunar  declination  component. 
Solar  elliptic  component. 
Solar  declination  component. 
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In  tbe  expression  of  Yo  above,  0  is  the  polar  distance  of  the  tide-station,  and  in  the  case  in 
which  the  earth  is  siipi>osed  to  be  entirely  covered  by  the  ocean,  the  value  of  a  becomes  unity,  but 
in  the  real  case  of  nature  it  is  generally  a  little  difierent.  The  difference  cannot  be  conveniently 
determine<l  on  account  of  the  irregular  outline  of  the  continents,  and  the  whole  amount  is  generally 
too  small  to  be  of  any  importance. 

The  values  of  u  are  given  in  degrees  per  day,  and  the  values  of  c  in  the  expressions  of  fc  are 
the  same  as  in  tlie  preceding  schedule  for  short-period  components,  that  is,  equal  to  r,  21,  &c., 
when  ^  =  0. 

5.  Besides  the  tide-comi>onents  in  the  i)receding  scheilule,  which  depend  directly  ui>ou  the 
tidal  forces,  there  is  a  very  large  class  of  components  which  do  not  depend  so  directly  ui)on  these 
forces,  and  for  which  there  are  no  corresponding  terras  in  the  development  of  the  foices  having 
the  same  periods.  These  components  are  sensible  to  observation  in  very  shallow  waters  only,  and 
are  hence  called  shallow-water  components.  These  components  are  of  so  much  unportance  in  tbe 
theory  of  shallow-water  tides  that  it  is  necessary  to  give  here  a  fuller  development  of  them  than 
that  given  in  my  Tidal  Researches. 

In  the  fundamental  tidal  equations  there  are  found  in  the  equation  of  continuity  two  terms  of 
the  form  D^(^w)  and  Dj,(;'r)  in  which  o  and  w  are  the  polar  distance  and  longitude,  respectively, 
and  u  and  v  the  motions  in  latitude  and  longitude,  and  y  is  the  depth  of  the  water  reckoned  from 
the  variable  oscillating  surface.  If  we  put  for  the  part  of  y^  independent  of  the  vertical  tide- 
oscillation  and  a  for  the  vertical  oscillation  we  get — 

D«(rw)  = 

=  Da,(r.r)  +  D.(m’) 

Laplace  took  into  account  only  the  mean  depth,  neglecting  the  part  depending  upon  the  verti- 
cal  oscillation  as  being  inconsiderable  in  comparison  with  the  whole  depth.  His  theory,  therefore, 
is  not  strictly  applicaCle  to  tides  in  shallow  waters. 

C.  A  first  approximate  solution  of  the  tidal  equations,  in  which  the  last  terms  of  the  preceding 
equations  are  neglected,  would  give  expressions  of  u,  and  also  of  w  and  of  the  form  of  that  oi 
H  in  (2),  and  hence  we  can  put — 

(5)  a  =  2;  A,  cos  {ij  + 

u  or  r  =  r,  B,  cos  {ij  +  c„  -  r,.  -f  c-'J 

in  which  the  constants  A  and  £  for  each  term  are  obtained  from  the  analysis  of  the  tide-observations, 
and  in  whibh  E'„  is  an  unknown  function  of  The  products,  therefore,  of  au  and  av  introduce 
into  the  tidal  equations  a  very  numerous  class  of  terms,  which  may  be  expressed  by 

R  cos  (ut  +  &  +  E'  —  q) 

In  which  R  =  A^B„  where  the  term  arises  from  the  product  of  two  comixments  in  (5)  of  different 
periods,  but  equal  to  ^AB  where  the  two  components  have  the  same  periods,  and  in  whicli  w,  &  and 
q  are  either  the  sums  or  the  differences  of  and  £„  respectively  belonging  to  the  two  components 
multiplied  into  each  other.  The  constant  e'  is  a  function  of  and  consequently  of  i„. 

Each  one  of  the  terms  of  the  preceding  form  in  the  tidal  equations  must  give  rise  to  a  similar 
tide-component  of  the  same  ])eriod,  which  may  be  expressed  by 

(0)  a'  =  CR  cos  (ut  +  &  +  E'  —  q  —  e) 

in  which  C  and  e  are  fumttions  of  w,  and  hence  vary  in  the  different  terms. 

Since  the  components  in  (5)  are  either  diurnal  or  semidiurnal,  those  in  (6)  are  either  components 
of  long  period,  or  are  diurnal,  semidiunial,  terdiunial,  or  quarter-diurnal  components,  in  each  of 
which  classes  the  values  of  u  differ  but  little. 

In  each  of  these  classes  considered  separately,  the  constants  C,  s',  and  e  are  functions  of  the 
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same  quantities,  of  which  none  of  them  varj-  from  term  to  term,  except  in  E'  and  w  in  0  and  c, 
and  the  variations  of  these  are  very  small.  We  may,  therefore,  regard  these  constants  as  approx¬ 
imately  constant  for  each  class  of  components,  and  for  such  class  (6)  may  be  put  into  the  form  of 

(7)  A  =  C  R  cos  +  c'  +  E  —  q) 

in  which  C  and  E  may  be  regarded  as  constant  for  all  the  terms. 

Since  A, :  in  (5)  are  functions  in  which  none  of  the  quantities  vary  in  the  different  compo¬ 
nents  except  and  this  varies  very  bttle  in  each  of  the  classes,  instead  of  putting  R  =  A^B^  or 
equal  JA„  B„,  we  can  put  it  equal  to  A^  A„  or  J  A„  A„,  in  the  various  combinations  of  the  n  compo- 
nents,  and  the  preceding  expression  (7)  will  still  hold,  except  that  the  value  of  the  unknown  constant 
C  will  be  different.  We  shall  then  have  the  values  of  R  in  terms  of  quantities  known  from  obser¬ 
vations. 

7.  From  the  three  most  important  diurnal  components  in  the  expressions  of  (5),  we  get,  from 
what  precedes,  two  classes  of  shallow- water  components,  of  the  form  of  (7),  the  first  arising  from 
all  the  resultant  terms  in  the  products  of  the  components  in  which  the  angles  are  the  sums  of  the 
angles  in  the  components,  and  hence  semidiurnal  components,  and  the  other  arising  from  those  in 
which  the  angles  are  the  differences  of  the  angles  in  the  components  multiplied,  and  hence  com¬ 
ponents  of  long  period.  We  thus  get  the  components  in  the  following  schedule,  and  the  values  of 
the  constants  R,  c',  and  q  in  the  expression  of  (7) : 


SCHEDULE  II. 


1 

DeBignation  ' 
of  component.  | 

1 

1 

Semidiomal  components. 

Components  of  long  periods. 

u 

o' 

u 

c' 

Ki  Ki 

*  a; 

is  +  is  =  2ta 

2cs 

2  eg 

ig  _  ig  =  0 

0 

0 

Ki  Of 

A3  A3 

is-f  w=2t, 

Cl  +  08 

«S  +  «6 

is  — is 

eg  —  06 

6S  — €6 

Ki  Pi 

A3  A7 

is  h  »  2i7 

Cl  +  C? 

«l  +  67 

is  —  1*7 

01—  C7 

€1—67 

Oi  Oi 

i  a; 

is  +  16=  2i« 

2c«  1 

266 

is  —  w  =  0 

0 

0 

Oi  Pi 

A*  A, 

16  4-  iy 

06+07 

1  €6+67  ; 

is  —  i7 

06  — 07 

€6  —  67  ■ 

P,  Pi 

*  A? 

ir-H  *7  —  2t7 

2C7  * 

1 

267  1 

17  —  17  =  0 

0 

0  1 

The  designation  Ki  Ki  of  the  first  component  ,  indicates  that  it  arises  from  the  diurnal  compo¬ 
nent  of  the  K  or  M3  tides ;  that  of  the  second,  Ki  Oi,  that  it  arises  from  the  diurnal  components  of 
the  K  and  O  tides,  and  so  on.  The  values  of  i  and  c  in  the  expressions  of  u  and  &  are  contained  in 
Schedule  I.  The  values  of  A  and  £  in  the  expressions  of  R  and  q  are  obtained  from  the  analysis 
of  the  tide-observations  for  the  component  depending  directly  upon  the  forces  contained  in  the  fcst 
schedule.  This  leaves  only  the  constants  C  and  E  in  (7)  for  each  class  of  shallow- water  components 
unknown,  so  that  if  these  are  determined  from  the  analysis  of  the  tide-observations  for  any  one  of 
these  components,  they  are  then  known  for  all,  and  consequently  all  the  components  of  the  class 
are  known  quantities,  without  any  further  analysis  of  tide-observations. 

From  the  values  of  u  in  the  semidiurnal  components  it  is  seen  that  the  periods  of  three  of  them 
coincide  with  the  periods  of  three  semidiurnal  components  depending  directly  upon  the  tidal  forces, 
and  hence  the  shallow- water  components  cannot  be  separated  from  the  otWs  directly  by  the 
analysis  of  the  tide-observations.  If,  however,  we  can  determine  C  and  E  by  the  analysis  for  any 
component  whose  period  does  not  coincide  with  that  of  any  of  the  other  components,  we  then  know 
the  values  of  the  shallow- water  components  combined  with  those  depending  directly  upon  the  tidal 
forces. 

8.  In  the  same  manner  as  in  the  preceding  section,  we  get  from  the  principal  semidiurnal  factors 
combined  with  those  of  the  diurnal,  two  more  classes  of  shallow-water  components  5  the  one  being 
diurnal,  having  angles  which  are  the  differences  of  those  in  the  original  components,  and  the  other, 
angles  which  are  the  sums  of  those  angles, 
a.  Ex.  13 - 35 
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These,  together  with  the  values  of  the  constauts  R,  w,  c',  and  q  in  (7)  belonging  to  them,  are 
contained  in  the  following  schedule : 


SCHEDULE  III. 


neaignation 

R 

Diurnal  componenta. 

Terdiurnal  components. 

of  component 

tt 

&  ’ 

q 

u 

c' 

!  ^ 

Ms  Ki 

Ai  As 

2ti  — 

h  —  IS 

2ci  —  cs 

<1  -  €S 

2ii  -f  i» 

2ci  4-  cs 

Cl  4" 

Ms  Oi 

Ai  As 

2ii  — 

IS  —  is 

2<ri  —  cs 

€1  —  es 

2ii  +  is 

2ci  4-  c* 

ci4-« 

Ms  Pi 

A]  As 

2ti  — 

ir 

2ci  —  a  1 

«1  —  CT 

2ii  4-  IT 

2ci  4-  CT 

Cl  4- 

Ss  Ki 

As  As 

2ts  — 

is  =  IT 

2cs  —  c. 

C2  cs 

2i2  -h  is 

2c2  4-  Cl 

€2  4“** 

Ss  Oi 

As  As 

2it  — 

is 

2cs  —  cs 

C2  —  C6 

212  +  i« 

2c2  4-  cs 

C2  4“  *« 

Ss  Pi 

As  As 

2is  — 

IT  =  13 

2cs  —  C7  1 

C2  -  CT 

21*2  -4" 

2c2  4-  Ct 

C2  4-  *7 

Ks  Ki 

As  As 

2is  — 

is  =  is 

2cs —  cs 

cs  —  cs 

3is 

3cs 

2cs 

Ks  Oi 

As  As 

2is  — 

is 

2cs  —  Cs 

cs  —  cs 

2t8  -h  is 

2cs  +  cs 

cs  4-  «« 

Ks  Pi 

A,  At 

2is  — 

IT 

2C3  —  ct 

cs  —  CT 

2i3  4“  i» 

2CS  4-  CT 

^  CS  4“  *y  I 

Ls  Ki 

A4  As 

2t4  — 

is 

2C4  —  cs 

C4  —  cs 

214  +  is 

2C4  4-  cs 

C4  4-  *» 

Ls  Oi 

A4  A« 

2i4  — 

U  =  iis 

2C4  —  cs 

€4  —  cs 

2i4  4-  i« 

2C4  4-  cs 

1  «  1 

Ls  Pi 

A4  At 

2i4- 

17 

2C4  — CT 

C4  —  CT 

2i4  4"  iy 

2C4  4-  CT 

C4  4-  1 

Ns  Ki 

As  As 

2is- 

U  =  il4 

2C8  —  cs 

cs  —  cs 

2is  +  is 

1  2cs  4-  cs 

*»  4-  «*  1 

Ns  Oi 

As  As 

5MS- 

is 

2C5  —  cs 

cs  —  cs 

1  2  is  -h  is 

2cs  4-  cs 

*»  4“  «•  1 

Ns  Pi 

As  At 

2is  — 

iT 

2cs  —  Ct 

S  -  CT 

1  2is  4-  i» 

!  2cs4-ct 

cs  4-  i 

In  this  schedule  the  designation  M2  Ki  of  the  first  component  denotes  that  it  depends  upon  the 
semidiurnal  lunar  or  M  tide  and  upon  the  diurnal  declinational  or  K  tide;  the  designation  S2  Pi  de¬ 
notes  that  it  depends  upon  the  semidiurnal  solar  or  S  tide  and  upon  the  diurnal  P  tide,  and  so  on. 
In  the  two  factors  in  the  expressions  of  R,  the  first  is  the  amplitude  of  the  semidiurnal,  and  the 
second  the  amplitude  of  the  diurnal  component  of  the  tide  denoted  by  the  characteristics  or  sub¬ 
script  numbers.  In  the  expressions  of  q,  also,  the  first  epoch  is  that  of  the  semidiurnal  component 
or  factor,  and  the  second  that  of  the  diurnal  one. 

From  an  inspection  of  the  several  values  of  u  in  the  diurnal  components  of  this  schedule,  it  is 
seen  that  there  are  three  in  which  the  value  of  w,  and  consequently  of  the  period,  is  the  same  as 
that  of  the  diurnal  declinational  component  in  Schedule  I,  and  hence  these  three  shallow-water 
components,  forming  in  reality  only  one  resulting  component,  are  combined  with  the  latter,  from 
which  it  cannot  be  separated  by  the  analysis  of  the  observations.  There  is  also  one,  the  M2  Ki  tide, 
affecting  the  diurnal  Me  or  K  tide  of  Schedule  and  another,  the  S2  Kj  tide,  affecting  the  diurnal 
P  tide. 

Among  the  terdiurnal  components  there  are  two  whose  periods  are  so  nearly  identical  with 
that  of  the  lunar  terdiurnal  component  that  in  the  analysis  of  only  one  year’s  tide-observations 
they  cannot  be  separated,  and  appear  to  give  only  one  resulting  component.  These  two  components 
are  those  designated  by  L2  Oi  and  ^2  Ki. 

9.  The  largest  shallow-water  components  arise,  in  general,  from  the  semidiurnal  components 
of  Schedule  I,  especially  in  the  Atlantic  Ocean,  where  the  diurnal  components  are  small.  By  the 
multiplication  of  the  semidiurnar  terms  in  (5)  into  each  other,  two  and  two,  there  arise  two  classes 
of  terms  giving  rise  to  corresponding  shallow-water  components,  the  one  in  which  the  angles  are 
the  sums  of  the  original  angles,  being  quarter  diurnal  components,  and  the  other,  in  which  the 
angles  are  the  differences,  being  components  of  long  period.  We  thus  get  the  following  schedule 
of  shallow- water  components,  with  the  corresponding  values  of  the  constants  R,  w,  and  q  in  (7): 
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SCHEDULE  IV. 


DesiKnation 

Qiiarter-dinmal  componente. 

Components  of  long;  period. 

of  component. 
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c' 
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’  1 
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CS  +  C4 

2ts— 2t4 

1  2C3— 2C4 

CS-C4 

j  Ks  Ns 

Aa  A# 

2is  +  2ii 

2C3  +  2C5 

1 

^  CS  -f-  C5 

213 — 2is 

j  2c3  —  2es 

1 

1  CS  —  CS 

Ls  Ls 

iAl 

2i«  +  2U=iU 

.  4c4  ; 

2  €4 

1  ; 

1 

2i4— 2i4  =  0 

i  •  " 

0 

1 

The  amplitades  and  epochs,  A  and  e,  in  the  values  of  R  and  g,  are  those  of  the  semidiurnal 
components  in  Schedule  I.  From  the  components  given  in  each  division  of  this  schedule  the  law 
is  seen  by  which  all  the  others,  with  the  corresponding  constants,  may  be  obtained. 

10.  All  the  preceding  shallow- water  components  arise  from  using  in  (5)  the  components  oi 
Schedule  I,  as  has  been  explained,  and  hence  they  may  be  called  shallow- water  components  of  the 
first  order.  In  the  same  manner  and  upon  the  same  principles  we  can  now,  in  a  third  approxima¬ 
tion,  introduce  the  shallow-water  components  of  the  first  order  into  (5),  and  thus  obtain  a  numerous 
class  of  shallow-water  components  of  a  second  order.  For  instance,  if  we  use,  in  (5),  the  quarter- 
diurnal  components  of  the  preceding  schedule,  together  with  the  components  of  Schedule  I,  we  get, 
from  the  semidiurnal  and  the  quarter-diurnal  factors,  terms  which  give  rise  to  two  classes  ol 
shallow- water  components  of  a  second  order,  the  one  being  semidiurnal  and  the  other  one-sixth - 
diurnal  component.  These,  together  with  the  values  of  the  constants  R,  w,  and  q  of  (7),  are  con¬ 
tained  in  the  following  schedule  : 

SCHEDULE  V. 


Desifniation 

■ 

Semidiamal  components. 

One-sixth-dinrnal  components; 

of  cmnponent. 

« 

d 

7 

e* 

Ms  (M,  M,) 

h  Al 

2»i 

2  Cl 

«i 

6ii 

6  Cl 

3  Cl 

M,(M,  8,) 

a;  a. 

2»t 

2  Ca 

«s 

4s,+  2sa 

4  Cl  -f  2  c. 

2  Cl  +  c. 

(Ma  Ka) 

Al  A, 

2ta 

S<=. 

•s 

4  i|  +  2  s. 

4  c,  +  2  Ca 

2ci  +  c, 

Ms  (S.  Sa) 

I  Al  a; 

4  ia-2i, 

4  c,— 2  Cl 

2  c,  —  Cl 

4  sa+2s‘i 

4  Ca  +  2  Cl 

«i  +  2  c. 

Ma  (Sa  Ka) 

Al  Aa  Aa 

2  ia+  2  — 2  ti 

2  Ca  +  2  c, — 2  Cl 

«8+»S  — <1 

2.»i-f  2  Sa+2  s. 

2Ci4-2cs  +  2c, 

ci  +  cs  +  cs 

M,  (S,  La) 

Al  Aa  A4 

2ia+2u-2<i 

2  ca  +  2  C4— 2  Cl 

»S-^C4— C, 

2ii-t-2sa-4-244 

2  Cf  *(-  2  Cs  4*  2  C4 

*i-f«s-h«4 

Ba  (M,M,) 

J  Aa  a; 

4  ii— 2  Sa  — 2  i|o 

4  C|— 2  Ca 

■ 

2ci  — c. 

1  4s,  +  2<a 

4  Cl  -f  2  c. 

2  ci-f-c. 

Ss  (Ma  S,) 

Al  a;  I 

2  i| 

2  Cl 

*1 

2s,  +  4sa 

2c,  +  4ca 

2  «i-f  2  c. 

S,  (MaK.) 

Al  Aa  A4 

2t,4-2ia— 2  s, 

2  Cj  -{-  2  c,— 2  Ca 

*|-f  «s — 

2si  +  2ia  +  2s, 

2c,  +  2c,  +  2c, 

'i  +  *s-)-«s 

S,  (Sa  S,) 

1  a; 

... 

1  .  ,  . 

2s, 

2ca 

cs 

6is 

«c. 

3ca 

8,  (Sa  Ka) 

a;  a. 

2s, 

2c, 

«s 

4sa  +  2i, 

4  cs  +  2  c. 

2  c,  +  c. 

-Ss  (Sa  La) 

a;  A4 

2S4 

i  2C4 

•4 

4s,+2s4 

4c,+2c4 

2ca+c4 

It  is  seen  from  the  values  of  u  in  this  schedule  that  two  or  more  of  the  components,  as  written 
out  in  detail,  have  the  same  period  as  some  component  in  Schedule  I,  depending  directly  upon  the 
forces,  and  hence  all  combine  to  form  really  only  one  component,  which  is  brought  out  by  the 
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analysis  of  the  observations,  and  tlie  different  parts  are  inseparable  by  the  analysis.  For  instance, 
the  components  M2  (M2  M2)  and  S2  (M2  S2)  both  have  the  same  value  of  m,  and  hence  the  same  period 
as  that  of  the  lunar  semidiurnal  component  of  Schedule  I.  In  like  manner  there  are  two  compo¬ 
nents  affecting  the  solar  semidiurnal  component.  The  amplitudes  and  epochs  A  and  e  in  this  ' 
schedule  are  those  of  the  semidiurnal  components. 

11.  By  using  the  components  of  the  preceding  schedule  in  connection  with  the  semidiurnal 
components  we  get  in  precisely  the  same  manner  and  upon  the  same  principles  a  still  lower  order 
of  shallow-water  components.  The  most  important  of  the  semidiurnal  components  in  this  schedule 
have  been  so  used;  and  since  their  periods  are  the  same  they  are  combined  with  the  semidiurnal 
components  of  Schedule  I.  From  the  one-sixth-diurnal  components,  so  used,  we  get,  giving  those 
only  depending  upon  the  mean  lunar  and  solar  tides,  the  following : 

SCHEDULE  VI. 


Designation 
of  component. 

R 

Qaarter  dinrnal  components. 

One-eigbth-dinmal  components. 

u 

C' 

q 

n 

& 

q 

M>  Ms 

4.-. 

4  Cl 

2  Cl 

8ii 

8  Cl 

4ti 

Ms  S« 

iA>  a; 

0  is  —  2  »i 

6  Cl  —  2  Cl 

3  CS  —  Cl 

6  is  +  2  ii 

6cs+  2ci 

3cs-|-  €l 

St  M« 

lA,  a; 

6  ii  —  2  is 

0ci  —  2ci 

3  ei  —  fi 

6  ii  +  2  is 

6ci  +  2ci 

3ci  -1-  «f 

Si  s« 

iAj 

4«  j 

4« 

2CS 

1 

8  is 

8cs 

4ct 

12.  Only  a  few,  perhai)S,  of  the  shallow-water  components  in  the  preceding  schedules  are  sensible 
to  observation  at  most  tide  stations ;  but  at  Liverpool  and  a  few  other  places  the  amplitudes  of  some 
of  them  have  been  found,  from  actual  analysis  of  the  tide-observations,  to  be  quite  large,  that  of 
the  quarter-diurnal  component  at  Liverpool  being  nearly  9  inches.  Even  the  one-eighth-diumal 
lunar  component  of  the  third  order  is  quite  clearly  brought  out  from  the  analysis  of  the  observations 
of  many  stations.  At  nver  stations  far  from  the  sea  many  of  these  components  must  be  quite 
large,  since  it  is  owing  to  them  that  the  semidiurnal  tide  is  so  distorted  frequently  and  made  to 
vary  so  much  from  that  of  deep  waters,  the  form  of  which  does  not  deviate  from  what  is  called 
^‘the  law  of  sines  and  cosines.” 

A  few  of  the  preceding  relations  between  the  amplitudes  and  epochs  of  the  shallow-water 
components  were  lirst  published  in  my  Tidal  Researches,  and  comparisons  made  with  those  ob* 
tained  by  the  Tidal  Committee  of  the  British  Association  from  the  analysis  of  the  tide-observations 
of  Liverpool  and  other  places ;  and  although  these  theoretical  relations  claim  to  be  only  approx¬ 
imately  correct,  yet  it  was  surprising  to  see  how  nearly  they  coincided  with  those  obtained  from 
observation. 

In  studying  the  theoretical  relations  of  the  tides,  and  making  comparisons  between  them  and 
the  tidal  forces  producing  them,  it  is  not  only  necessary  to  have  a  complete  schedule  of  all  the 
shallow-water  components  which  may,  in  any  case,  affect  the  components  depending  directly  upon 
the  forces,  but  also  to  have  from  theory  as  many  relations  between  the  amplitudes  and  epochs  of 
the  various  components  as  possible ;  hence  the  importance  of  the  preceding  schedules. 

13.  It  is  now  necessary  to  devise  a  method  of  obtaining  the  amplitudes  and  epochs  of  the 
components  in  (2)  from  averages  of  observations  taken  at  regular  intervals  for  a  certain  period  of 
time.  Prom  (2)  we  get— 

(8)  •  H=.2*„A„cos(sr„-£'J 

in  which 

(<Pn  =  Kt 

(9)  ] 

(  €'n  =  —  <^«  =  OV  +  8C, 

This  expression  of  H  may  include  all  the  shallow-water  components  of  the  form  of  (7),  since 
the  latter  can  be  reduced  to  the  form  of  the  expression  of  H  above. 

If  we  now  take  the  average  of  all  the  observations  made  at  equal  and  short  intervals  of  time 
throughout  the  time  t  =  t,  which  fall  within  certain  limits  and  of  any  argument  f  „ of  which 


Digitized  by  UjOOQie 


UNITED  STATES  COAST  AND  GEODETIC  SUEVEY. 


277 


the  characteristic  is  distinguished  by  an  accent,  excluding  all  multiples  of  27r,  the  values  of  are 
arbitrary  and  independent  of  the  time,  and  the  corresponding  relative  values  of  the  other  argu¬ 
ments  may  be  expressed  by — 

(10)  f,.  =  f ,  +  (i  —  i„  )  t 


and  the  observations  which  fall  between  the  limits  and  ^^^''^of  any  other  argument  will  be  evenly 
distributed  between  these  limits. 

If  we  put — 

a  =  the  average  of  all  observations  of  H  between  the  limits  and  ^ ,  and  let  and 

denote  generally  the  limits  of  the  other  arguments,  we  shall  have  from  (8),  and 
from  Tidal  Researches  (310) — 


(11) 


«  =  cos  (J  (/,  +  -  E'„) 

T  n  T  n 


If  the  limits  and  ai'e  taken  at  equal  distances  before  and  after  we  shall  have 
J  (/n'  +  f ''n)=  fn )  ftud  whcre  the  limits  of  the  observations  in  time  are  <  =  0  and  f  =  t,  we  get  from  (10) 


9'n  = 


f +  (^S  —  i  ^ 

Hence  we  get,  in  all  cases  in  which  the  limits  are  functions  of  the  time— 

-  ==  2  sin  i  (4  -  ij  T 

SP"n  —  (in  “  * «  )  ^ 

i  (¥>'n  +  9'\)  -<Pn'  +  ^  (L  —  in  )  ^ 

The  limits  and  ^ for  the  argument  of  the  component  of  which  the  characteristic  is  w',  are 
entirely  arbitrary,  and  if  we  denote  the  coefficient  of  A„  in  (11),  in  this  case,  by  A:,  we  shall  have— 

2  ) 


This  expression  of  the  coefficient  of  A„  applies  to  all  the  components  in  which  the  arguments  are 
multiples  of  f „ ,  since  the  limits  for  all  such  argunxents  are  independent  of  the  time  and  depend 
upon  the  limits  assumed  for 

If  we^now  put  and  the  exi^ression  of  a  above  can  be  put  into  the  form- 


in  which 


(12) 

(13) 

(14) 

(15) 


a  =  S.  (M,  cos  «f ..  +  N,  sia  sf,.)  =  I,  A',  cos  («<c,  —  s",) 
f  M,  =  Jc,  A,  cos  e',  +  m, 

(N.  =  fc.A.8ins'.  +  n, 

,  _  28in-^«  (?".-— ¥>'r) 

m.  =  j  ^  A. cos  (1  s  (I.  -  i. )  r  - 

n,  =  -  Z.  *  -  A.  sin  ( J  .  (i.  -  i,) .  - 


In  these  expressions  of  ni  and  n  the  term  arising  from  putting  e  =  e'  must  not  be  included, 
and  all  terms  having  —  8%  in  the  denominator  in  which  the  integrail  value  of  «  diffiers  from  that 
of  s'  have  been  neglected,  since  in  these  cases  the  denominator  becomes  very  large  and  the  term 
of  no  importance.  The  amplitudes  and  epochs  A  and  c,  therefore,  are  those  of  the  diurnal,  semi¬ 
diurnal,  &c.,  components,  according  as  the  value  of  s  in  (12)  is  one,  two,  &c.  The  values  of  m  and 
n,  therefore,  belonging  to  any  one  class  of  components,  diurnal,  semidiurnal,  &c.,  are  not  affected 
by  the  components  of  any  of  the  other  classes. 
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From  (13)  we  get — 


(16) 


m, 

'■  $ 

n. 

ni. 


y. — n, 

sin  c'. 


These  ^ive  tlie  tnie  amplitudes  and  epochs  from  the  values  of  the  co-ordinates  M  and  N,  and 
m  and  n,  the  latter  being  simply  very  small  corrections  of  the  former. 

14.  In  the  second  form  of  expression  of  a,  (12),  the  amplitude  and  epoch,  A'  and  e",  require 
coiTeatious,  generally  small,  depending  upon  m  and  n,  to  reduce  them  to  the  true  amplitude  and 
epoch  of  the  component  having  the  same  argument.  If  we  put  di'  for  the  correction  of  e",  we  have 

(17)  e'  =  e"  +  de' 


Since  the  epoch,  or  time  t  =  0,  in  the  angle  t  in  (12),  is  entirely  arbitrary,  we  can  sup¬ 

pose  it  to  be  such  as  to  make  e"  =  0,  and  we  then  have  M  =  A'  and  N  =  0.  Upon  this  supposition 
it  would  be  necessary  to  diminish  the  epoch  e'  in  (13)  and  (15)  by  the  angle  e",  and  hence  we  should 
have — 


(18) 


in  which 


(19) 


(  ^1,  =  l\  A,  cos  d£\  +  m, 

(  N,  =  A.  sin  +  71, 


:) 


From  (18),  with  the  values  of  M  =  A'  and  N  =  0,  we  get — 


(20) 


M,  —  _  A',  —  7)1, 

k,  cos  ~  cos  0£\ 


tan  = 


A'.  -  7)1, 


From  these  and  (17)  we  get  the  corrected  amplitudes  and  epochs  directly  from  the  uncorrected 
ones,  which  is  more  convenient  than  obtaining  them  from  (16),  in  which  the  corrections  ire  applied 
to  the  co-ordinates  M  and  N. 

In  the  expression  of  (15)  and  (19)  the  unconected  values  of  A^  and  are  necessarily  used  in 
computing  the  corrections  7)i,  and  w,,  but  these  values  are  more  than  sufficiently  correct,  since  these 
corrections  are  generally  very  small. 

15.  The  terms  in  the  expressions  of  (15)  and  (19)  vanish  when  the  value  of  r  is  such  as  to  satisfy 
the  condition  of 

i  {K  -  i  )  r  =±  n  r 


in  which  n  is  any  integral  number.  Hence  if  the  periods  were  all  commensurable  a  value  of  t  could 
be  assumed  which  would  make  the  whole  expression  vanish.  Since  Ai  of  the  semidiurnal  compo¬ 
nent  is  usually  much  larger  than  any  of  the  others,  it  is  best  to  assume  such  a  value  of  t  as  will 
make  the  term  in  the  expressions  of  7)i  and  7i  vanish,  which  contains  Ai  of  the  semidiurnal  compo¬ 
nent,  and  this  is  done  by  assuming  such  a  value  of  t  as  will  satisfy  the  condition 


(21) 


(  b  ■“  K  )  ^  ^ 


In  the  harmonic  analysis  of  the  tides  it  is  usual  to  take  one  year’s  observations  at  a  time,  and 
therefore  for  each  class  of  components  of  which  the  chai'acteristics  are  e  it  is  best  to  take  such  a 
value  of  T,  which  is  the  time  of  duration  of  the  series  of  observations  used,  as  will  satisfy  (21),  and 
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at  the  same  time  be  the  uearest  to  the  time  of  oue  year.  With  the  values  of  i.  in  Schedule  I,  these 
conditions  give  for  each  of  the  M.  tides — 


cl 

h 

d 

h 

Ti  =  369 

3 

Tg  =381 

18 

72  =  369 

3 

rg  =381 

18 

T3  =  368 

20 

T,„  =  369 

3 

7^  =  358 

5 

T,,  =  369 

0 

75  =  358 

5 

r,3  =  369 

7 

7«  =  368 

20 

r,3  =  363 

14 

7.  ^  369 

12 

T|4  =  363 

14 

In  the  same  maiiner  we  obtain  the  most  suitable  values  of  r  to  be  used  in  analyzing  the  shallow- 
water  tides,  the  values  of  «  in  (7)  being  used  in  (21)  instead  of 

With  these  values  of  r„  and  the  values  of  i,  in  Schedule  I,  and  putting  m„  for  the  value  of  m 
belonging  to  the  M,  comimnent,  and  neglecting  all  terms  which  are  very  small,  either  on  account  of 
the  largeness  of  the  denominator  « (t,  —  t. )  r,  or  the  smallness  of  the  numerator,  or  of  the  value 
A.,  we  get  from  (19),  by  putting  «  =  1,  the  following : 

DIUKNAL  COJU’ONENTS. 

m,  =  .0236  A3  cos  (91o.9  +  c",  -  £'3)  +  .0230  Ae  cos  (2685.1  +  c",  -  e'.)  +  .0277  A, 
cos  (885.1  +  £"i  —  £'-) 
ntj  =  .0099  A,  cos  (3o.6  +  £"3  -  £'■:) 

m,  =  .0452  A3  cos  (llOo.O  +  c'\  -  c',)  +  .0610  A,  cos  (II60.8  +  -  c',)  +  .0152  A^ 

cos  (2500.0  +  £"4  -  e'e) 

m,  =  .0152  A3  cos  (1100.0  +  e"i  -  e',)  +  .0452  As  cos  (320o.l  +  c",  _  s's) 
m^  =  .0115  A3  cos  (40.2  +  c"^  -  c',) 

»»„  =  .6296  A3  cos  (910.0  +  -  £'3)  +  .2099  A,  cos  (2670.2  +  £"„  -  £',) 

nta  =  .2099  A3  cos  (93o.O  +  £",3  -  .-'3)  +  -6290  A,  cos  (269O.0  +  -"12  -  ^'n) 

TO, 3  =  .0138  A3  cos  (3250.0  +  c"i3  -  -'3)  +  .0045  A*  cx>s  (2140.5  +  £",3  -  ^'h)  +  .0106  A, 
cos  (3290.3  +  s"i3  -  £'■) 

TO, 4  =  .0045  A3  cos  (I450.5  +  £",4  -  £'3)  +  .0138  As  cos  (35o.(»  +  s".,  _  +  .0045  A, 

cos  (I470.5  +  e",4  —  £'7) 

In  the  same  manner,  by  putting  #  =  2  in  (19),  we  get  the  following: 

SEMimUBNAL  COMPONENTS. 

TO,  =  .0225  A4  cos  (710.3  +  £",  -  £',)  +  .0225  As  cos  (2880.7  +  £",  -  £'5)  +  .0257  A, 
cos  (1100.5  +  £",  —  £'u)  +  .0257  Ag  cos  (2490.5  +  £",  —  c'g) 

TO,  =  .0104  A3  cos  (30.8  -f  £»,  -  £'3)  +  .0260  A4  cos  (2510.5  +  £",  -  £'4)  +  .0078  A, 
cos  (2890.0  +  £",  -  £'5)  +  .0225  As  cos  (71o.3  +  £",  -  £',) 
m3  =  .0099  A,  cos  (3560.4  +  £"3  -  £',)  +  .0219  A4  cos  (2490.5  +  £"3  -  ^'i)  +  -0074  As 
cos  (2900.5  +  £"3  -  e's)  +  .0210  As  cos  (2870.0  +  £"3  -  ^'b) 

W4  =  .0093  A,  cos  (I90.O  -f  £"4  -  £'2)  +  .0155  Aj  cos  (40o.0  +  £"4  -  £'3)  +  .1332  A, 
cos  (2260.8  +  £"4  -  £'5) 

TOs  =  .0062  A,  cos  (470.0  +  £"s  -  £',)  +  .1332  Ag  cos  (1330.2  +  £"5  -  £'9)  +  .0207  A,o 
cos  (3130.0  +  £"s  -  £'io) 
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me  =  .0236  Aj  cos  (llO^.e  +  £"6  -  ^'5) 

m,  =  .0115  A2  cos  (40.2  +  £"7  -  £'2)  +  .0108  A3  cos  (8.5  +  e",  -  e'3)  +  .0325  A4 
cos  (253.7  +  £"t  -  £'4) 

ms  =  .0101  A2  cos  (153^.8  +  ~  ^'2)  +  .0755  A4  cos  (153'^.9  +  -  £'4)  +  .0053  A# 

cos  (206^.4  +  £"8  -  ^'5) 

ms  =  .0037  A2  cos  (154.0  +  £"9  -  £'2)  +  .0755  A5  cos  (2060.4  +  £"9  -  ^'5) 
mio  =  .0260  As  cos  (IO80.6  +  -  £5) 

If  we  use  sin  for  cos  in  these  exi)ressions  and  change  the  sign,  it  is  seen  from  (19)  that  we  get 
those  of  n,. 

For  terdiuriial,  quarter-diurnal,  &c.,  components  the  corrections  depending  upon  m  and  n  are 
unimportant,  since  only  the  amplitudes  of  these  components,  which  are  very  small,  enter  into  the 
expressions. 

It  is  seen  from  the  smallness  mostly  of  the  numerical  coefficients,  taken  in  connection  with  the 
values  of  A,  that  most  of  the  terms  in  the  preceding  expressions  of  w  and  n  are  very  small.  The 
large  values  of  mu  and  in  the  diurnal  components,  arising  from  the  very  small  value  of  (i.  —  t^) 
in  that  case,  occur  where  there  is  no  sensible  diurnal  component,  and  hence  are  of  no  importance, 
since  after  applying  the  corrections  the  result  is  approximately  0.  By  using  the  values  of  r^,  which 
have  been  given  for  each  class  of  M,  tides,  terms  containing  Ai  of  the  semidiurnal  tide  disappear, 
and  as  this  is  much  the  largest  of  the  amplitudes,  the  values  of  m  and  n  are  thereby  much  dimin¬ 
ished.  Indeed,  when  these  values  of  t,  are  used,  all  the  corrections  depending  upon  ni  and  n  may 
be  neglected,  except  in  very  nice  theoretical  investigations,  such  as  determining  the  moon’s  mass; 
and  this  is  especially  the  case  when  the  results  of  the  observations  of  a  series  of  years  are  used,  in  * 
which  case  the  eftects  of  these  small  corrections  are  mostly  eliminated  from  the  averages. 

16.  It  yet  remains  to  determine,  from  averages  of  the  observations,  the  quantities  M,  and  N,  in 
(16).  This  must  be  done  by  means  of  (12),  in  which  a  is  the  average  of  all  the  hourly  observations 
of  H  during  the  time  t,-  contained  within  the  limits  ^ and  If  we  make  these  limits  include 
150  of  the  argument  ,  as  is  usual,  we  shall  then  have  twenty-four  gf  these  averages.  If  we  take  the 
limits  so  that  the  middle  of  the  included  intervals  correspond  to  =  0,  =  15^,  =  300^ 

and  denote  the  corresponding  values  of  the  averages  by  Ua?  &c.,  we  get  from  (12),  by  supply¬ 
ing  the  implied  constant  of  integration  Ao,  twenty-four  equations,  as  follows: 

do  =  Ao  +  Ml  “I”  9  -|-  M2  “h  6  +  M3  4“  9  &c. 

«i  =  Ao  +  Ml  cos  150  4-  Ni  sin  15^  4-  M2  cos  39^  +  N2  sin  39^  4-  M3  cos  45®  4-  N3  sin  45®  4-  &c. 

=  Ao  4-  Ml  cos  390  +  Ni  sin  39^  4-  M2  cos  69^  4-  N2  sin  69o  4-  M3  cos  99^  4.  N3  sin  99®  4-  &c. 

03  =  Ao  +  Ml  cos  450  +  Ni  sin  45^  +  M2  cos  99®  4-  N2  sin  99^  4-  M3  cos  135°  4-  N3  sin  135^  4-  &c. 

and  so  forth. 

The  solution  of  these  twenty-four  equations  by.  the  method  of  least  squares  gives  us  a  certain 
number  of  normal  equations,  the  number  depending  upon  the  number  of  terms  taken  into  account 
in  the  expression  of  o.  These  normal  equations  are  entirely  independent  of  one  another,  and  give 
directly,  without  any  further  solution,  the  values  of  the  constants,  Ao,  Mi,  Ni,  M2,  N2,  &c.  The 
following,  given  in  the  most  convenient  form  for  computation,  are  all  that  we  shall  have  occasion 
to  use  in  the  tidal  analysis : 


(22) 

24Ao  = 

=  flo  + 

4“  +  d  3 

•  • 

• 

•  • 

■h  ^23 

/12Mi 

=  A  + 

(B  +  B') 

COS 

150+ 

(C  + 

C') 

cos 

3904- 

(B 

4-  D')  cos  450 

S 

+ 

(E  +  E') 

cos 

60°  + 

(F  + 

F') 

cos 

750 

)l2  Ni 

=  A'  + 

(B-BO 

sin 

4- 

0 

(0- 

CO 

sin 

4- 

0 

0 

CO 

(B 

—  D')  sin  45^ 

( 

+ 

(E  -  E') 

sin 

60°  + 

(F- 

FO 

sin 

750 
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in  which 


A  —  (do  —  dia) 

B  =  (dj  —  dia) 

C  =  (da  —  di4) 

H  =  (^3* —  ^15) 

E  =  (d4  —  dig) 
F  =  (ds  -  dn). 


A'  =  (d^  —  dig) 

B'  —  (d23  —  dll) 
C'  =  (daa  —  dio) 

D'  =  (dai  —  dg  ) 

E'  =  (d20  —  dg  ) 

F'  =  (dig  -  d7  ) 


in  which 


(  12  M2  —  A2  +  (B2  +  B'2)  cos  30^  +  (C2  +  C'; 
(12^2  =  A',  4-  (B,  -  B',)  sin  30o  4-  ^C.  -  C'- 


z  T  2;  ^  y'-  'i  ^ 

'2  4"  (B2  —  B^2)  30*^  4"  (C2  — 

A2  =  (do  —  d^)  4-  (^12  —  ^^is) 

B2  =  (dl  —  d^)  -1“  (d]3  —  dig) 

C2  =  (da  —  dft)  4^  (^14  —  ^20) 


'2)  cos  60^ 
C'2)  sin  60^ 


(25) 


A'2  =  (d7  —  dg  )  4"  (<^J5  —  d2l) 
B'2  =  (dll  —  ^J?)  +  (^23  —  %  ) 
C'2  =  (dio  —  ^1h)  4^  (^22  '  ^  ' 

12  M3  =  A3  4  (B3  4  B'3)  cos  40"^ 

12  N3  =  A'3  4  (Ba  -  B'3)  sin  45o 


.  d4 


in  which 


A3  —  (do  —  d4)  4  (^^8  —  di2)  4  (^IH  —  ^20) 

B3  =  (dl  —  dj)  4  (^9  —  ^13)  +  (^17  —  d2i) 


(26) 


in  which 


A '3  (d2  —  dg  )  4  1^10  —  ^14)  4  (^18  —  ^) 

B'3  =  (d7  —  dll)  4  (^15  —  ^19)  +  (^^22  —  <*3  ) 
p2  M4  =  A4  4  (B4  -  B'4)  cos  6(P 
12  N4  =  0  4  (B4  -  B'4)  sin  60^ 


A4  =  (do  — -  d3)  4  (^  "■  ^^9  )  +  (^12  ^15)  +  (<^18  —  (hi) 

B4  =  (dj  —  d4)  4  (^7  —  ^10)  +  (<*13  —  <*16)  +  (<*19  <*22) 

B'4  =:  (d5  —  dg)  4  (<*1I  —  <*14)  +  (<*17  —  <*2o)  4“  (<*23  —  <*2  ) 


(  12  Mg  =  (do  —  dg)  4  (<*4  —  <*ti)  4“  (<*8  —  <*lo)  4"  (<*12  —  <*u)  4"  (<*16  —  dig)  4  (<*20  —  <*22) 
(  12  Ng  =  (dl  —  da)  4  (<*5  —  d7)  4  (<*9  —  <*ll)  +  (<*13  —  <*l^)  4-  (<*17  —  <*19)  4  (<*2l  —  <*23) 


(28) 


12  Mg  =  (do  4  <*3  4*  <*6  4  <*9  4“  <*12  +  <*i5  4  <*io  4  <*21)  4  (<*i  4“  <*2  +  <*4  4"  <*5  4  <*7  4"  <*8 
4  <*10  4  <*11  4  <*13  4  <*14  4*  <*16  4  <*17  4  <*19  4”  <*20  4  <*22  4  <*23)  cos  120<^ 

12  Nfl  =  ((dl  —  da)  4  (<*4  —  <*5)  4  (<*7  —  <*8)  4  (<*10  —  <*n)  4“  (<*13  —  <*14)  4  (<*16  —  dn) 
4  (<*19  —  <*2o)  4  (<*22  —  <*23))  sii*  120<^ 


From  tjiese,  with  the  values  of  do,  di,  da,  &c.,  obtained  directly  from  the  observations,  we  get 
A*,  M„  and  N.,  and  then  by  means  of  these  we  get  from  (16)  the  true  amplitudes  and  epochs  of  the 
components,  or  by  neglecting  m  and  n  we  get  the  uncorrected  amplitudes  and  epochs,  and  then 

from  these,  by  (17)  and  (20),  we  get  the  corrected  ones. 

1 

The  values  of  in  (16)  and  (20),  when  the  intervals  are  ^  =  15^,  are  by  (14) — 

fC- 


(29)  =  1.0028,  =  1.011"),  =  1.0202,  =  1.0472,  =  1.1100,  =  1.2092 

Ici  ’  fcj  ’  A-3  ’  it  ’  A-tf  ’  Ag 


Since  the  values  of  M  and  N,  obtained  from  each  of  the  preceding  normal  equations,  and  con¬ 
sequently  the  values  of  A  and  e  are  entirely  independent  of  the  other  equations,  we  can  get  the 
amplitude  and  epoch  of  any  one  or  more  of  the  coraponeiits  in  the  expression  of  d,  (12),  and  neglect 
the  rest,  so  that  it  is  not  necessary  to  exhaust  the  residuals ;  but  it  is  best  to  take  in  all  sensible 
terms  in  the  expression,  for  the  residuals  then  furnish  a  check  generally,  within  very  narrow  limits, 
of  the  accuracy  of  the  computations.  We  can,  moreover,  use  these  residuals  then  in  determining 
the  probable  errors  of  M  and  N,  and  hence  of  A  and  e, 

8.  Ex.  13 - 36 
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If  we  put — 

V  =  the  residuals, 

€  =  the  probable  error  of  the  average  u,  regarded  as  a  single  observation, 
r  =  the  probable  errors  of  the  unknown  quantities  A^,  M,  and  N, 
m  =  the  number  of  the  unknown  quantities, 
we  shall  have — 

(30)  c  =  0.0745 X," 

'  V  24  —  m 


The  weight  of  each  of  the  constants  deiluced  from  the  normal  equations  is  12,  except  that  of 
Ao>  which  is  24,  and  hence  we  have  for  the  probable  error  of  A„ — 


(ill) 


r  =  f  =  0.1*041  0 
\/24 


and  for  the  probable  error  of  M  and  N,  and  consequently  of  the  amplitude  A — 

€ 


(32) 


r=  ,  =0.28S2e 

Vl2 


The  probable  error  of  the  epochs,  expressed  in  degrees,  will  be — 


(33) 


e 

\/l2  A 


X  57*  \3 


ih'  \r»i  X 


e 

A 


17.  The  observations  of  H  in  (3),  from  which  the  averages  or  values  of  a  are  obtained  for  each 
interval  of  loo  of  the  arguments  are  given  for  each  solar  hour,  that  is,  for  each  of  the  values  of 
<p2  equal  0,  1,  2,  3,  Ac.,  hours  expressed  in  degrees,  lienee,  for  the  solar  comimnents  we  simply 
group  together  all  the  observations  throughout  the  time  r,,  approximately  one  year,  belonging  to 
each  of  the  solar  hours,  and  thus  obtain  twenty-four  averages  from  which  the  amplitudes  and  epochs 
are  obtained  by  the  method  already  given.  But  when  the  observations  are  grouped  with  reference 
to  the  other  arguments,  it  is  necessary  to  know  the  value  of  the  argument  in  relation  to  that  of  fa. 
This  is  given  by  the  equation — 

(34)  f,  =  +  (^  —  ^V)  t 

in  which  t  is  the  time  of  the  observation  expressed  in  hours  from  the  eptK‘h,  or  time  <  =  0.  It  is 
therefore  necessary  to  have  a  table  giving  the  values  of  e^ich  of  the  arguments  for  each  hour  of 
every  day  in  the  year.  Table  I,  computed  from  (34),  with  the  values  of  given  in  Schedule  I,  is 
such  a  table  of  the  principal  arguments  expressed  in  hours  of  15^  each,  and  the  multiples  of  24 
hours  being  neglected.  It  is  given  for  the  first  and  last  days  of  the  year  only,  merely  as  a  sample, 
the  complete  table  in  manuscript  having  been  used.  The  solar  hour  is  found  in  the  first  column 
under  f 2?  and  the  corresponding  values  of  the  other  arguments  f ,,  given  to  the  nearest  integer  only, 
are  found  under  their  appropriate  heads.  Since  all  the  observations  within  the  limits  of  a  half 
hour  preceding  and  following  each  hour  come  in  the  same  group,  it  is  only  necessary  to  have  in  the 
tables  the  hour  belonging  to  the  middle  of  the  group,  or,  in  other  words,  the  values  of  f ,  in  hours 
to  the  nearest  integer.  The  averages  then  correspond  to  the  even  hours  of  f,. 

18.  The  epochs  obtained  directly  from  the  analysis  by  the  preceding  method  ai'e  those  of  e'  in 
(8),  in  which  the  time,  f  =  0,  is  the  same  for  all  the  components.  In  the  expression  of  H  (3),  the 
angle  ij  +  c,  is  the  hour-angle  of  the  M,  tide,  and  the  epoch  e,  is  that  which  belongs  to  the  case  in 
which  t  is  reckoned  from  the  passage  of  the  fictitious  moon  over  the  meridian.  The  former,  e', 
varies  very  much  generally  from  year  to  year;  the  latter,  e,  is  theoretically  the  same  for  each  year. 
After  the  reduction  of  e'  to  c  we  can  compare  the  several  values  of  e  belonging  to  each  of  a  series 
of  years  and  estimate  the  probable  error.  This  reduction  is  made  by  the  last  of  equations  (9),  by 
adding  sc^  to  the  epoch  It  is  necessary,  therefore,  to  have  the  value  of  for  the  assumed  time  of 
<  =  0  at  the  beginning  of  each  year.  The  values  of  c,  for  each  class  of  M,  tides  is  obtained  from 
the  expressions  of  c,  in  Schedule  I,  in  which  the  values  of  X,  I',  r,  &c.,  at  the  beginning  of  each 
year  must  be  used.  With  the  data  contained  in  the  iutroduction  to  Peirce’s  Tables  of  the  Moon, 


Digitized  by  kjOOQle 


UKITED  STATES  COAST  AND  GEODETIC  SUEVEY.  283 


these  values  of  have  been  thus  computed  for  a  series  of  years  extending  back  and  forward  from 
the  present  time,  and  given  in  Table  II.  This  table  can  be  readily  extended  further  each  way  by 
means  of  the  difierences.  In  this  table  t  in  (3)  is  supposed  to  be  reckoned  from  midnight,  and 
hence  18(P  have  been  added  to  the  values  given  by  the  expressions  in  the  schedule.  By  means  of 
this  table  the  reductions  above  are  readily  made  for  any  year  contained  in  the  table.  In  this  table 
are  also  contained  the  values  of  w,  «>,  and  w',  which  are  often  needed. 

In  the  reductions  of  the  epochs  of  any  of  the  shallow- water  components  which  do  not  fall  within 
any  of  the  fourteen  classes  of  components  given  in  Schedule  I,  the  values  of  o',  given  by  its  expres¬ 
sion  in  the  several  schedules  of  the  shallow-water  components,  must  be  used.  After  such  reductions 
the  epochs  of  these  components  for  different  years  should  also  be  the  same. 

19.  The  amplitudes  and  epochs  obtained  directly  from  the  analysis  require  still  another  reduc¬ 
tion  in  a  few  cases,  to  make  the  results  of  different  years  comparable  one  with  another.  These  are 
the  cases  in  which  the  components  are  affected  by  other  and  smaller  components  of  so  nearly  the 
same  period  that  they  cannot  l^e  separated  by  the  analysis.  AYe  have  two  cases  of  this  sort  in  the 
diurnal  and  two  in  the  semidiurnal  components,  as  is  seen  from  Schedule  1.  In  the  diurnal  com¬ 
ponents  the  M3  component  is  affected  by  the  M'y  component  of  very  nearly  the  same  period,  as  is 
seen  from  the  corresponding  values  of  /,  and  the  Me  component  by  the  N'e  of  nearly  the  same  period. 

If  we  let  A  and  e  be  the  amplitude  and  epoch  of  the  principal  component,  and  A'  and  e'  be 
the  same  as  affected  b3'  the  smaller  component  of  nearly  the  same  period,  and  also  let  a  be  the 
amplitude  of  the  smaller  component,  we  shall  have — 

A3  ^  _ 1 

A'3  Vl  +  c-/  +  2  C3  cos  tt# 


tan 


1  +  Cj  cos  w 


Ac  ^ _ _ 1 _ 

A'e  \/l  ^  +  liee  cos  m 


tan  Jc'g 


Cg  sin 

1  +  eo  cos  Of 


CL 

in  which  ^  ^  and  J  e'  =  e  —  e'  is  the  correction  to  be  added  to  e'  to  reduce  it  to  e.  The  preceding 

expressions  are  the  same  as  those  of  §  97,  Tidal  Eesearches,  in  a  different  form  and  with  a  different 
notation.  With  the  values  given  by  the  preceding  expressions,  we  make  the  reductions  by  putting 

^  A  =  A'x^, 

(35)  < 

(.  c  =  e'  +  J  £' 


The  values  of  e  in  the  preceding  expressions  are  known  upon  the  hypothesis  that  the  amplitudes 
of  comimnents  having  the  same  period,  or  nearly,  are  proportional  to  the  coefficients  in  the  variable 
terms  in  the  forces  preceding  them,  which  is  true  for  deep  waters  without  friction,  but  may  not  be 
strictly  so  in  other  cases.  The  reductions,  however,  having  been  made  upon  this  hypothesis,  the 
comparisons  of  the  yearly  results  with  one  another  for  a  considerable  series  of  years  will  show 
whether  this  hypothesis  is  correct,  for  if  it  is  not  the  amplitudes  and  epochs  will  have  a  variable 
term  with  a  period  equal  to  that  of  the  longitude  of  the  lunar  node. 

Upon  the  hypothesis  that  the  amplitudes  are  proportional  to  the  forces  we  get,  with  the  values 
of  in  Schedule  I : 

_(h  _  .071 

Aa*^  .5306  -  13Mu 

_  ^  -084 

Ae^  .3813 


€3 

Ce 
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Witli  these  values  of  aud  tlie  values  of  the  reducing  factors  and  corrections  of  the  epochs 
given  by  the  preceding  expressions  have  been  computed  for  every  tenth  degree  of  a>,  as  given  in 
Tables  III  and  IV.  The  values  should  be  taken  from  the  tables  with  the  argument  w  taken  from 
Table  II  for  the  middle  of  the  year.  With  these  values  the  corrected  amplitudes  and  epochs  A 
and  £  are  readily  ol>tained  from  the  uncorrected  ones  A'  and  e'  by  means  of  (35). 

In  the  semidiurnal  components  the  Mi  component  is  affected  by  the  M'l  component  of  nearly 
the  same  period,  and  the  M3  component  by  the  M'3  component.  Adopting  the  same  hypothesis  and 
the  same  general  notation  as  in  the  similar  cases  of  diurnal  components,  we  have  in  these  cases — 


Ai 

A', 

tan  Jf'i 


A:, 

A'3 

tan  J^'3 


1 

V\  +  +  2  €i  cos  u* 

C]  sin  to 
1  +  e  cos  to 

1 

I  +  +  2  C3  cos  UJ 

—  €2  sin  to  'I 

1  “t"  ^3  cos  to 


) 


in  which  Ci  = 

Ai 


_  .0359 


in  which  C3  = 


«3 

A3 


.0359 

.1250  -  3.2  Sfi 


From  these  exi)ressions  the  reducing  factor  and  Je'  have  been  computed  for  every  tenth  de¬ 
gree  of  w,  and  given  in  Tables  V  and  VI.  With  these  quantities,  taken  from  the  tables  with  to  as 
an  argument,  the  reductions  are  made  by  (35).  The  expressions  above  are  the  same,  in  a  different 
form  and  with  a  different  notation,  as  those  in  Tidal  Kesearches,  §  101. 

20.  In  determining  the  amplitudes  and  epochs  of  the  components  of  long  period,  we  can  use 
tlie  daily  averages  instead  of  the  hourly  observations,  and  still  adopt  the  same  method  as  in  the 
case  of  the  short-period  components.  The  averages  of  H  in  this  case,  taken  for  equal  spaces  of 
the  long-period  arguments,  may  likewise  be  included  in  the  expression  of  a  (12),  in  which  f,,  then 
becomes  one  of  the  long-period  arguments,  and  the  corresponding  value  of  8%.  becomes  w, ,  the 
value  of  u  in  (4)  belonging  to  the  long-period  argument  with  reference  to  which  the  observations 
are  grouped.  We  shall,  therefore,  have  in  place  of  (10)  tp,  =tp^.  +  (i  —  w,  )  f,  in  which  all  the  ob¬ 
servations  falling  within  given  limits  of  the  argument  tp^,  may  likewise  be  regarded  as  being  evenly 
distributed  through  the  argument  whether  one  of  long  or  short  period,  as  in  the  case  of  (10), 
although  we  use  the  averages  of  the  daily  averages.  The  formulae,  therefore,  of  either  (13),  (15), 
and  (16),  or  of  (18),  (19),  and  (20)  can  be  used,  as  in  the  case  of  short-period  components,  by  putting 
u„,  for  V  in  the  expressions  of  m  and  n.  On  account  of  the  large  value  of  (i,  —  w«.)  r  in  the  denom¬ 
inator  in  the  case  of  the  short-period  components,  the  terms  in  m  and  n  depending  upon  the  short- 
period  components,  even  when  A^  is  large,  are  of  no  importance,  and  this  is  also  the  case  when  the 
terms  in  m  and  n  depend  upon  the  long-period  components,  since  the  values  of  A,  in  these  are 
always  very  small.  We  may  therefore  neglect  pi  and  n  in  (16)  and  (19)  without  material  error. 


II. — ANALYSIS  OF  THE  TIDES  OF  PULPIT  COVE. 


21.  It  now  only  remains  under  this  head  to  apply  the  methods,  principles,  formul®,  and 
tables,  given  under  the  preceding  head,  to  the  observations  on  hand.  This  requires  a  great  amount 
of  work,  of  which  the  details,  of  course,  cannot  be  given  here,  but,  for  the  most  part,  the  results 
merely.  We  shall,  however,  give  one  example,  somewhat  in  detail,  to  show  how  the  work  has 
been  done  throughout.  Since  the  first  year’s  observations  are  not  quite  complete,  the  series  having 
been  commenced  on  the  21st  of  January,  and  therefore  requires  to  be  treated  a  little  differently  in 
some  of  the  details,  we  shall  select  as  our  example  the  lunar  or  Mi  tide  of  1871.  All  the  hourly 
observations  throughout  the  year,  falling  within  the  limits  of  each  of  the  twenty-four  equal  divisions 
of  150  of  the  argument  f  1,  were  included  in  separate  groups  and  the  averages  taken,  and  denoted 
by  Oo,  Ui  02,  &c.,  023.  The  group  in  which  each  hourly  observation  is  to  be  included  is  found  by  com¬ 
paring  the  day  and  the  hour  in  the  first  column  of  Table  I  with  the  corresponding  number  in  the 
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column  under  Mi,  which  is  the  argument  or  value  of  for  that  date.  The  same  is  done  for  any 
other  of  the  tides.  In  this  manner  were  obtained  tlie  twenty-four  averages,  or  values  of  a,  in 
feet,  in  the  following  table : 


_  _  _ 

a 

1 

2 

* 

4 

S 

8 

r 

a« 

5.502 

(oo — ais) 

+. 

033 

(Oo— a«) 

-  9. 146 

{(tu  OA) 

-6.206 

(tfo— Os) 

-3.  603 

(o<i— 0?) 

-1.  333 

(Ou-Oj) 

008 

1 

5.626 

(  1-13) 

46 

(  1-  7) 

8.  912 

(  1-  5) 

1  8.128 

(  1-  4) 

6.  082 

(  1'-  3) 

3.479 

(1-2) 

-1.209  + 

5 

2 

6.835 

(  2-14) 

31 

(  2-  8) 

6.481 

(  2-  6) 

7.  813 

(  2-  5) 

6.  919 

(  2-  4) 

4.873 

— 

4 

3 

9.105 

(  3-15) 

11 

(  3-  9) 

-1.954 

(  3-  7) 

!  5. 433 

(  3-  6) 

5.543 

(  3-  5) 

4.  649 

1  + 

12 

4 

11.  708 

(  4-16) 

- 

24 

(  4-10) 

-f  3. 217 

(  4-  8) 

-1.608 

(  4-  7) 

-2.  830 

(  4-  6) 

.  2.940 

(4  5) 

-2.046  — 

21 

5 

ia754 

(  5-17) 

-H 

3 

(  5-11) 

7.328 

(  5-  9) 

i  +2.695 

(  5-  8) 

+0.  438 

(5-7) 

-0.  784 

j  + 

21 

6 

14.648 

(  6-18> 

- 

29 

(  6-12) 

9.179 

(  6-10) 

j  a  157 

(  6+  9) 

3.589 

(  6-  8) 

+1.  332 

1  - 

8 

7 

14.638 

(  7-19) 

59 

(  7-13) 

8. 958 

(  7-11) 

'  8.112 

(  7-10) 

6.  047 

(  7-  9) 

3. 479 

(  7  -  8) 

+1.2221  — 

4 

8 

18. 316 

(  8-20) 

40 

(  8-14) 

6.512 

(  8-12) 

'  7. 847 

(  8-11) 

6.890 

(  8-10) 

4.  825 

‘  1  4- 

5 

9 

11.060 

(  9-21) 

52 

(  9-16) 

+1.965 

(  9-13) 

'  5. 479 

(  9-12) 

6.590 

(  9-11) 

4.633 

^  — 

2 

10 

8.491 

(10-22) 

62 

(10-16) 

-3.  241 

(10-14) 

+1.687 

(10  13) 

+2.  911 

(10-12) 

3.  022 

(10-11) 

+2.065  + 

9 

6.426 

(11-23) 

86 

(11-17) 

1  7.325 

(11-15) 

'  -2.668 

(11-14) 

-0.  378 

(11-13) 

1  +0.846 

1 

20 

12 

5.460 

(12  -  0) 

33 

(12-18)  ' 

9.  208 

(12—16) 

'  6. 2a3 

(12-  15) 

3. 625 

(12-14) 

1  -1.335 

1  + 

i 

|13 

1  5.680 

(13-  1) 

45 

(13-19) 

9.  017 

(13  17) 

*  8.171 

(13-16- 

a  152 

(13-15) 

3.  514 

(13-14) 

-1.224;  — 

3 

1  14 

1  6.804 

(14-  2) 

31 

(14-20) 

6.552 

(14-18) 

7.873  ; 

,  (14-17) 

6.947 

(14-16) 

4.928 

1 

9 

jis: 

9.094 

(16-  3) 

- 

11 

(15-21) 

-2.017 

(15-19) 

1  5. 503  1 

1  (15-18) 

5.583 

(15-17) 

4.657 

1 

1  + 

11 

1L732 

(16-  4) 

+ 

24 

(16-22) : 

'  +3.179^ 

(16-20) 

-1.624 

(16-19) 

-2.865 

(16-18) 

2.  945 

(16^  17) 

-2.019  — 

1  1 

17 

13.751 

(17-  5) 

_ 

3 

(17-23)  1 

7.  239’"  j 

(17-21) 

+2.640 

(17-20) 

f  0.395  1 

(17-19) 

-0.846  1 

2  1 

18 ; 

14.677 

(18-  6) 

+ 

29 

(18-0) 

1  9. 175 

(18—22) 

6.124 

(18  21) 

3.566  1 

(18-20) 

+  1.321 

I 

1  ~ 

9 

14.507 

(19-  7) 

59 

(19-  1) 

8.971 

(19-23) 

8. 085  1 

(19-22) 

6.044 

(19-21)  1 

i  3.486 

(19-20 

+  1.241  + 

1 20 . 

ia356 

(90-  8) 

40 

(20-  2)  ' 

6  521 

(20-  0) 

,  7. 854 

(20-23) 

6.844 

(20-22) 

4.803  ' 

1 

1 

1 

5  1 

1 21 ! 

IL  111 

(21-  9) 

52 

(21-  3)  1 

+2.006 

(21-  1) 

5. 485  i 

(21-  0) 

5.609 

(21-23)  1 

4.  599 

1 

1 

10! 

1 22 

8.553 

(22-10) 

62 

(22-  4) 

-3.155 

(22-  2) 

,  +1.718  1 

(22-  1) 

+  2.927 

(22-  0) 

3.  051 

(22-23) 

-{-2.041  ,  + 

9 

1  23 

t _ 

1  6.512 

1 

(23-11) 

+ 

86  1 

(23-  5) 

1  -7.242 

1  ' 

(23-  3) 

-2.593  1 

(23-  2) 

-0.  323 

(23-  1) 

+  0.886 

; _ 1 

1  + 

J 

The  columns  in  this  table  headed  1,  2,  3,  &c.,  contain  the  differences  of  the  values  of  a  which 
enter  into  the  expressions  of  Mi,  N,,  M^,  N2,  &c.,  in  (23,)  (24),  &c.  After  the  first  the  subscript 
numbers  of  a  only  are  written,  as  (1  —  13)  for  (Ui  —  Uia),  (1  —  7)  for  (ui  —  ^7),  &c.  It  is  seen  that 
these  subscripts  in  the  same  column  all  have  a  common  difference,  so  that  by  writing  the  values  of 
a  on  a  separate  slip  and  placing  it  by  the  side  of  the  column  of  values  in  the  table,  these  differences 
are  all  readily  taken.  With  these  differences  the  values  of  A,  B,  C,  &c.;  A',  B',  C',  &c.;  A.^,  B^, 
C,;  A'„  B'j^  C'*;  A3,  B3;  A'3,  B'3;  A4,  B4,  B'4  are  found. 

If  we  assume  that  the  averages,  or  values  of  a,  may  be  expressed  by  (12),  or  as  written  out  in 
detail  for  this  case,  by 

tt  =  Ao  -f-  Ai  cos  (^1  —  £])  A2  cos  (2  (fi  —  £2)  “b  -^3  cos  (3  <p\  —  £3)  -^4  cos  (4  (p\  —  £4) 

4“  -^6  cos  (6  —  £0)  4"  ^8  cos  (8  (p\  —  £«) 

we  get  from  (22),  (23),  (24),  &c.,  the  following  values  of  Ao,  M3,  and  N3;  and  then  from  (16)  by 
neglecting  m  and  n  and  putting  Ic  =  1,  we  get  the  corresponding  values  of  A3  and  £3: 


A«  =  10.0518 
M,=  +  .02.57, 

N.= 

.0100, 

A,=  .0.30.3, 

e,  =  3280.1 

M,  =  -  4.684.3, 

— 

0.9500, 

As  =  4.7798, 

fs  =  1910.4: 

M3=+  .0010, 

— 

.0017, 

A3=  .0020, 

£3  =  ,3000.1 

M4=-  .000.5, 

^4  = 

— 

.0199, 

A4=  .0208, 

£4  =  2540.1 

M6  =  +  .0890, 

Kc  = 

+ 

.0507, 

A6=  .1035, 

£6=  290,5 

Ms  =  -  .0104, 

Ns  = 

+ 

.0051, 

A8=  .0115, 

£8  =  1540.3 

With  these  values  of  the  amplitudes  and  epochs,  A  and  £,  the  preceding  expression  of  a  rep¬ 
resents  the  values  of  a  in  the  preceding  table  with  the  residuals  v  in  the  last  column.  It  is  seen 
from  the  residuals  that  there  are  no  other  sensible  terms  in  the  expression  of  a  above,  and  the 
amplitude  A3  of  the  terdiurnal  component  is  so  small  that  it  cannot  be  regarded  as  being  a  real 
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component.  These  residuals,  moreover,  furnish  almost  a  perfect  check  against  any  errors  in  the 
work,  either  of  taking  the  averages  of  the  groups  of  observations  or  of  computing  the  amplitudes 
and  epochs  from  these  averages.  Each  of  the  24  values  of  a  above  is  the  average  of  about  365 
observations,  and  any  error  in  taking  these  averages  shows  itself  in  the  residuals,  so  that  if  any  of 
these  residuals  are  unusually  large,  it  is  necessar}-  to  revise  the  work  until  the  residuals  fall  within 
the  usual  limits.  Any  error,  likewise,  of  any  consequence  in  the  work  of  obtaining  the  amplitudes 
and  epochs  from  these  averages  is  sliown  by  the  residuals,  since  any  such  error  not  only  causes  the 
residuals  to  be  unusually  large,  but  also  causes  a  preponderance  of  plus  or  minus  signs  in  different 
parts  of  the  column  of  residuals.  It  is  better,  therefore,  to  obtain  the  uncorrected  amplitudes  and 
epochs  of  the  tidal  components,  which  are  the  true  ones  belonging  to  the  expression  of  «,  so  that 
the  accuracy  of  the  work  may  be  tested  by  means  of  the  residuals,  and  then  to  correct  these  am¬ 
plitudes  and  epochs,  than  it  is  to  correct  the  co  ordinates  M  and  N  in  order  to  obtain  directly  the 
corrected  ones. 

In  the  manner  which  has  Just  been  explained  sixteen  tides  for  each  of  the  six  years,  making 
ninety-six  in  all,  have  been  treated,  and  the  work  checked  by  means  of  the  I'esiduals.  In  most  of 

them,  however,  it  was  found  necessary  to  use  only  two  terms  in  the  preceding  expression  of  a,  which 
always  left  the  residuals  so  small  as  to  indicate  that  if  they  contained  yet  any  other  real  terms,  they 
were  too  small  to  be  of  any  importance.  It  is  seen  from  the  formula*  for  obtaining  the  constants 
in  any  tidal  component  that  they  are  entirely  independent  of  those  of  any  of  the  others,  so  that 
we  can  obtain  those  of  any  one  of  them  and  neglect  the  balance  if  we  wish,  but  the  residuals  then 
do  not  furnish  a  check  for  the  accuracy  of  the  work. 

22.  If  the  averages  were  those  of  the  true  tide  merely,  unaffected  by  the  abnormal  disturbances 
of  winds,  ocean  currents,  and  changes  of  barometric  pressure,  and  all  the  real  terms  in  the  pre¬ 
ceding  expression  of  a  were  taken  into  account,  we  should  have  no  residuals.  The.sc  residuals, 

then,  are  the  i)arts  of  these  disturbances  which  are  not  eliminated  from  the  averagers  by  the  number 
of  observations  used,  together  with  the  effects  of  very  small  terms  neglected  in  the  expression  of 
a.  It  is  important,  therefore,  to  estimate  the  probable  errors  in  the  results  arising  from  these  causes. 

From  the  residuals  in  the  preceding  table  we  get  =  .002586.  With  this  value,  putting 
w?  =  13,  since  there  are  13  unknown  quantities,  we  get  from  (30)  e  =  .0103  of  a  foot,  or  about  J  of  an 
inch,  for  the  probable  error  of  the  averages  of  one  year’s  observations,  upon  the  hypothesis  that 
the  residuals  contain  no  real  neglected  terms  in  the  expression  of  a.  With  this  value  of  e  we 
likewise  get  from  (32)  r  =  .0030  of  a  foot,  or  about  of  an  inch,  for  the  probable  error  of  the  ampli¬ 
tudes  A,  arising  from  uneliminated  abnormal  disturbances.  From  (33)  we  get  r'  =  0^.03  for  the 
probable  error  of  the  epochs  e.  If  the  residuals  are  still  affected  by  any  real  neglected  terms  in 
the  expression  of  a,  then  the  probable  errors  are  still  less  than  these  estimates.  The  example  in 
hand  is  about  an  average  one,  the  residuals  in  some  cjises  gi\ing  larger  and  in  others  smaller  prob- 
.able  errors,  without  much  range  of  variation. 

In  the  course  of  so  much  work  there  are  of  course  some  small  errors  which  escape  detection 
by  means  of  an  inspection  of  the  residuals.  The  effects  of  such  errors  are  also  included  in  these 
probable  errors.  As  the  residuals  must  be  due  mostly  to  uneliminated  abnormal  disturbances,  and 
only  in  a  comparatively  few  cases  the  result  of  error,  the  part  of  the  probable  error  due  to  the 
latter  cause  must  be  very  small,  so  that  we  have  a  complete  check  against  errors  of  any  importance. 

23.  Having  obtained  the  amplitudes  and  epochs  in  the  expression  of  a  preceding,  the  next  step 
is  to  correct  them,  so  as  to  reduce  them  to  the  true  amplitudes  and  epochs  of  (8).  This  is  done  by 
means  of  (17)  and  (20)  after  the  values  of  m  and  n  have  been  computed  by  means  of  the  formulae  of 
§  15.  Tliese  formulae  give  in  this  case,  for  the  diurnal  component,  mi  =  —  .0028;  Ui  =  .0022 ;  and  for 
the  semidiurnal,  mi  =  —  .0185  and  ni  =  —  .0030.  With  these  values  of  m  and  n  and  the  values  of 


1  1 


&c.,  in  (29),  we  get  from  (20)  and  (17),  in  which  these  uncorrected  amplitudes  and  epochs  are 


distinguished  by  A'  and  e",  the  following  corrected  values — 

Ai  =  .0332  £'i  =  324.3  A,  =  4.8533  e',  =  1910.50 

It  still  remains  to  reduce  all  the  epochs  to  their  values  in  (2)  and  (3),  and  this  is  done  by  means 
of  the  last  of  (9)  with  the  values  of  c.  taken  from  Table  11.  From  this  table  we  get,  for  the  year 
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1871,  Cl  =  640.9, 2  Cl  =  1290.92, 3  Ci  =  194.88, 4  Ci  =  2590.84,  6  Ci  =  290.76, 8  Ci  =  159.68.  These  values, 
added  to  the  values  of  the  epochs  e'  already  obtained,  give  the  epochs  of  (3). 

24.  The  following  are  the  time  amplitudes  and  epochs  of  (3)  for  the  sixteen  M,  tides,  as  obtained 
from  the  averages  of  the  observations  of  each  of  the  six  years  taken  separately,  and  corrected  and 
reduced  as  in  the  example  of  the  preceding  section.  The  subscript  numbers  of  A  and  e  denote  that 
they  belong  to  the  diurnal,  semidiurnal,  &c.,  components.  The  amplitudes  are  given  in  feet. 


M|  or  M.  Mf  or  S. 


1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1870. 

1871. 

.  1872, 

1873. 

1874. 

1875. 

Averaj{«*. 

Ai^  .0424 

.0332 

.0221 

.0305 

.0352 

.  0229 

Ai=  .0676 

.0154 

.0215 

.0195 

.0195 

.0019 

.0242±.0043 

«,=  60.9 

290.2 

2350.8 

2180,  2 

1970. 1 

1750.  6 

ei-^  1280.6 

780.0 

670.2 

1230.3 

730. 0 

250.  2 

650.  9i.l0o.8 

Aa=  4.9406 

4.8533 

4.8558 

4.8037 

4. 7369 

4.  7648 

A»^  .8245 

.7345 

.  77.i5 

.  7965 

.7456 

.7469 

.7706  ±.0069 

*1=^  3220.07 

321°.  42  322°.  12 

3210.  55  3200. 03  3200.  40 

ca=  3500. 0 

3560.  0 

CO 

3530.7 

3530.5 

3570.  8 

3540.  70  ±90.  80 

A3=  .  0122 

.0020 

.0092 

.0120 

.0058 

.0019 

A3=  .0096 

.0093 

.0904 

.0027 

.0072 

.0018 

€»—  2630.0 

1350.  0 

1610. 0 

1230. 0 

2790.0 

2290. 0 

en—  310.  Q 

630.  0 

3000.  0 

2970. 0 

130.0 

590. 0 

A4=;  .0386 

.  0214 

.0194 

.0281 

.0198 

.  0219 

A4—  .0078 

.0042 

.0032 

.0058 

.  0051 

.0037 

€4—  1590.6 

1530.9 

1730. 0 

1140.5 

1260.  6 

1210.2 

li 

0 

730. 0 

3460.  0 

2220. Q 

356^.0 

290. 0 

A4^  .J176 

.1148 

.1213 

.1253 

.  1222 

.  1192 

€4^  600. 9 

590.5 

640.6 

600.7 

600.3 

570.  8 

Ai^  .  0172 

.0140 

.0090 

.0176 

.0137 

.0156 

3360.0 

3140.  0 

3540. 0 

3360.0 

3260.  0 

3200.  0 

Ms  «r  K. 

M4  or  L. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

Average. 

Ai= 

.4376 

.4626 

.4744 

.4915 

.5120 

.4973 

Ai  = 

.0162 

.0312 

.0368 

.0097 

.0254 

.0091 

•1  = 

1360.2 

1370.  5 

1380.8 

1340.9 

1320.7 

1300.  0 

€1  = 

3140. 0 

3460.  0 

2550. 0 

1520. 0 

450.0 

3180.  0 

A2  = 

.2406 

.2381 

.2540 

.2331 

.2936 

.3040 

Aj— 

.3362 

.  1724 

.  1945 

.2847 

.2230 

.2093 

. 2367 dk.  0167 

•9—: 

220. 0 

60.8 

120.4 

120. 0 

llo.O 

355  ’.  3 

t2— : 

189' .  5 

187  '.  1 

155  .9 

1920.  8 

218  . 5 

2080.  9 

1920.1  ±60. 4 

\Uor  N. 

Ms  or  0. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

A  reragf. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

Ai  = 

.0042 

.0059 

.0326 

.0267 

.0119 

.0171 

Ai=- 

.3440 

.3.504 

.3974 

.4062 

.  4217 

.4441 

*1— 

2580.  0 

2260. 0 

3390.0 

1170. 0 

1270. 0 

31 10.  0 

«i  — 

100  \  8 

960.6 

102^7 

100’.  1 

106^.0 

1070.  9 

A*=: 

1.0450 

1.1359 

0.9860 

0.9286 

0.9909 

1.0268 

1.01 90  ±.0192 

Aa— 

.  1831 

.0937 

.  1727 

.0614 

.0981 

.0960 

tiz= 

2950.4 

2910.3 

2860.  5 

2890.1 

2910.  2 

2880.5 

290.  3  ±  00.  8 

343  7 

2980.  4 

225  .6 

171  ’.  4 

3010.  1 

3050.  5 

M?  or  P. 

Mk  or  A. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

Average. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

Average. 

Ai=  .1524 

.  1511 

.1484 

.1516 

.1548 

.  1601 

.  1.530±.0011 

Ai^  .0037 

.0107 

.0152 

.0027 

.0156 

.0146 

€1=.  1270.3 

1320. 6 

1360.  7 

1320. 2 

123  ’.  6 

ISO*'.  5 

130'  .5i  10.2 

fi-^  1180.0 

2730. 0 

2640. 0 

1610.  0 

212  '.  0 

1150. 0 

Aj:^  .1168 

.0865 

.0482 

.  0.521 

.0490 

.0628 

A7  =  .08.33 

.  1320 

.0427 

.  1106 

.  1559 

.1770 

.0637 

•>=r  980.  g 

3060.0 

23r.l 

980.9 

68’o  2 

241F.  8 

€2-^  1610.5 

2560.1 

1460.  0 

256  ’.  3 

1240.  5 

2330.  9 

1960.  3 

M9  or  V. 

Mio  or  fi. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

Average. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

Average. 

Ai=  .0016 

.0112 

.0040 

.  0055 

.  0028 

.0031 

Ai-^ 

.  02.52 

.0190 

.0148 

.  0152 

.0122 

.0250 

€1=  1230.0 

1910. 0 

950. 0 

1510.  0 

1680.  0 

37^.0 

ei  — 

2080.  0 

3390,0 

930. 0 

1310.  0 

20. 0 

146".  0 

A2=:^  .  1618 

.3348 

.0933 

.3197 

.  2152 

.2888 

.  2735 

A2-^ 

.0433 

.0336 

.0150 

.0313 

.0480 

.  0352 

.0322 

fi—  3010. 0 

3160.7 

3060.3 

3160. g 

2630.  3 

3230.3 

308".  0 

2370.  2 

1940.  2 

1750.  9 

240^.  6 

2190. 0 

2010.7 

2160. 2 

Mil  or  R. 

M 

12  or  T. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

Average. 

Ai= 

.0310 

.0251 

.0216 

.0225 

.0133 

.0088 

Ai  = 

.0118 

.0079 

.0097 

.0196 

.0156 

.0067 

•1= 

2600.0 

170.0 

3580.0 

2830.0 

3540. 0 

2900.0 

€1  = 

310.0 

450.0 

820. 0 

200. 0 

870. 0 

780. 0 

A*= 

.0680 

.0260 

.0554 

.0602 

.0348 

.0619 

Aa— 

.1887 

.1035 

.1901 

.2382 

.1555 

.0871 

.0220 

•1= 

2270.0 

26®.  0 

920. 0 

3520.0 

182°. 0 

80. 0 

€3  = 

2390. 0 

1380.8 

500.2 

3310.2 

2430.1 

1220.6 

2870.7 
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Mia  or  J. 

Mm  or  Q,J 

1870. 

1871.  1872. 

1873. 

1874. 

1875. 

Averagr. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

Average. 

Ai-^ 

.  0245 

.0140  .0258 

.0308 

.0194 

.0092 

.0196 

Ai- 

.0595 

.0577 

.0727 

.0578 

.0770 

.0726 

.0602±.0024 

*1  — 

34(r\  5 

266  .  2  320^.2 

314'.  5 

323^.  1 

292-\  4 

315^^.  4 

244'^.  8 

271  .2 

258^.  7 

246  \  3  272".  0 

283  . 8 

262^.  8±3  ■.  7 

Aj  — 

.0036 

.0156  .0044 

.  0252 

.0088 

.  01.39 

Aa  — 

.  01.53 

.0146 

.0112 

.0252 

.0190 

.0220 

«3  — 

162  . 0 

2111.0  287.0 

9^1 '.  0 

113^  .  0 

1.50  '  .  0 

<2  — 

357^.  0 

lor.o 

150".  0 

189 . 0 

76 -.0 

76^0 

Ms  Ss  or  M  S.  M?  (S?  S?)  or  sS  M, 


1870. 

1871. 

1872.  1873. 

1874.  . 

1875. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

Aa:^ 

.  0357 

.0157 

.  02.52  . 0095 

.  0284 

.0104 

.0388 

.0142 

.0212 

.0246 

.0553 

.0246 

€4  — 

308^.  0 

21  IF  .  0 

21  .0  29r.O 

3ir.O  75".  0 

297'".0 

135'".  0 

318^.0 

270'".  0 

327'".  0 

41'".0 

In  all  ca«es  in  which  the  amplitudes  and  epochs  above  should  be  the  same  for  the  several 
successive  years,  the  most  probable  values,  as  deduced  from  the  several  results  of  the  six  years, 
have  been  given,  and  in  most  cases  the  probable  errors.  Where  the  epochs  differ  but  little  from 
the  means,  these  have  been  obtained  from  the  averages  simply,  but  where  the  epochs,  from  the 
various  disturbing  causes,  differ  so  much  from  the  means  that  the  cosines  of  the  differences  from  the 
mean  differ  sensibly  from  unity,  the  components  for  the  several  years  have  been  resolved  into 
two  co-ordinates,  having  the  same  relations  each  year  to  the  disturbing  forces,  and  then  from  the 
averages  of  these  co-ordinates,  new  amplitudes  and  epochs  have  been  deduced  for  the  average 
results. 

25.  Where  the  tide-components  vary  from  year  to  year  from  the  effects  of  smaller  components 
of  very  nearly  the  same  period,  the  amplitudes  and  epochs  must  be  purified  from  the  effects  of 
these  before  we  can  obtain  the  most  probable  values  from  the  averages  of  the  results  of  the  six 
years.  This  is  done  by  the  method  given  in  §  19. 

In  the  diurnal  components  we  have  two  cases  of  this  kind,  M3  and  Mg.  The  amplitudes  and 
epochs  of  the  M3  diurnal  tide  are  corrected  in  the  following  manner: 


Tear. 

A) 

A' 

A 

[Residual. 

1 

« 

Residual. 

o 

!  ^ 

o 

o 

o 

O 

1870  . 

110.00 

.4376 

1.  0393+0.  ISfi 

.  4548+0. 

+  020 

136.2 

-7.5 

128.7 

—0.9 

1871 . 

90.  34 

.4626 

0.  9923  -  0.  5 

.  4.590-0.  2 

+  62 

137.5 

-  7.6 

129.9 

+  0.3 

1872  . 

1  70. 96 

.4744 

0.  9520^1.  4 

.  4517-0.  7 

-  11 

138.  8 

-6.9 

131.  9 

+2.8 

1873  . 

51.  63 

.4915 

0.  9200-  2.1 

.4522-1.0 

,  134.9 

1  -5. 5 

129. 4  ; 

!  -0. 2 

1874  . 

1  32.31 

.  5120 

0.8974  -  2.3 

.4594-1.  1 

466 

-  132. 7 

—3.7 

129.  0 

-0.6 

1875  . 

12.  98 

•  .4973 

0.8843-  2.5 

.4398  1.2 

-  130 

1  130. 0 

-1.5 

1 

128.5 

-1.1 

A  - 

!  .  452X+  ooin  - 

n.o.viii  _  _ 

1 

im  n 

The  column  under  the  head  of  w  contains  the  longitude  of  the  moon’s  node  for  the  middle  of 
each  year,  taken  from  Table  II.  The  columns  under  A'  and  e'  are  uncorrected  amplitudes  and 
epochs  of  the  M3  diurnal  tide  in  the  preceding  section,  distinguished  here  from  the  corrected  ones 

by  an  accent,  and  -  and  de  are  taken  from  Table  III  with  (o  as  an  argument.  The  coiTections  are 

A. 


then  made  by  (35).  These  corrections  leave  the  final  results  extremely  satisfactory,  the  residuals 
and  the  probable  enors  being  very  small.  Besides,  the  signs  of  the  residuals  do  not  indicate  that 
they  are  affected  by  any  term  of  long  period,  such  as  that  of  the  period  of  the  moon’s  node,  and 
hence  the  corrections  for  the  effects  of  the  terms  depending  upon  the  moon’s  node,  seem  to  have  been 


accurately  made. 


The  probable  error  of  the  epoch,  reduced  to  lineal  measure  is 


00.35 

570.3 


x.4528=  .0028, 


or  about  one-thirtieth  of  an  inch,  which  is  a  very  little  more  than  that  of  the  amplitude. 

In  the  correction  of  the  epochs  above,  the  small  effect  depending  upon  the  correction  of  the 
moon’s  mass  has  been  neglected,  and  the  residuals  and  probable  errors  in  both  the  amplitudes  and 
epochs  are  upon  the  hyimthesis  that  the  assumed  mass  of  one-eightieth  of  that  of  the  earth  needs 
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no  correction.  But  it  would  require  a  very  large  change  in  the  moon’s  mass  to  affect  the  results 
much.  A  change  of  one-tenth  part  of  the  moon’s  mass  would  give  dii  =  .00125,  with  which  value 
the  corrections  of  the  amplitudes  above,  due  to  this  cause,  would  be  extremely  small. 

The  Ms  diurnal  tide  is  corrected  in  the  same  manner  as  iu  the  preceding  case  by  using  Table  IV 
instead  of  Table  III.  The  following  values  of  A'  and  s'  are  taken  from  the  values  given  in  the 

preceding  section  and  distinguished  here  from  tlie  corrected  ones  by  an  accent.  The  factor  and 
the  correction  are  taken  from  Table  IV  with  w  as  an  argument. 


Years. 

1 

1 

A' 

A 

A' 

A 

, 

Resiilaal. 

i 

,  1 

•  1 

Be 

1 

c 

Residual. 

1  0' 

Feet. 

Feet. 

0 

0  ! 

, 

0 

0 

1870  . 

..  110.00 

.3440 

1.  0554 

.3031 

-^45 

100.8  1 

+  12.6 

113.4 

+  2.3 

1871 . 

..  90.34 

.3594 

0.  9778 

.  3514 

-72 

96.6 

+  12.4 

109.0 

-1. 1 

i  1872  . 

. .  70.  96 

.3974 

0.9160 

.3640 

+54  1 

1  102.7  1 

+  11.0 

113. 7 

-f  2.6 

1  1873  . 

..  51.63 

.4062 

0.8700 

.  3i>34 

-52 

!  100.1  1 

+  8.6 

108.  7 

-2.4  1 

>  1874  . 

..  32.31 

.4217  , 

0.8392 

.3539 

-47 

1  106.0 

+  5.7 

111.7 

+  0.6  I 

1875  . 

1  Averaire. . . 

12.98 

.4441  1 

0.  8230 

.3656 

.  3586 1. 0015 

+70 

107.  9 

1 

1 

+  2.3 

110.2 

1 

291.1  ±0.55 

-0.9  1 

1  • 

1 

In  this,  as  in  the  preceding  case,  the  corrected  results  are  very  satisfactory,  the  residuals  and 
the  probable  errors  being  quite  small,  and  the  signs  of  the  residuals  indicate  that  the  corrections 
for  the  effects  of  the  term  depending  upon  the  moon’s  node  are  correctly  made.  The  probable 
error  of  the  amplitude  here,  in  the  average  of  the  six  years,  is  a  little  less,  and  that  of  the  epochs  a 
little  greater,  than  in  the  preceding  case. 

20.  The  two  semidiurnal  componenJ;s  which  need  to  be  corrected  for  the  effect  of  the  two  terms 
of  nearly  the  same  periods  depending  upon  the  moon’s  node,  are  those  of  Mi  and  M3,  the  mean  lunar 
and  declinational  components. 

The  following  values  of  A'  and  e'  are  taken  from  the  semidiurnal  component  of  the  Mi  tide  in 
§  24,  and  distinguished  here  by  an  accent,  as  in  the  preceding  cases.  The  values  of  and  (h  are 
taken  from  Table  Y  with  w  as  an  argument. 


Years. 

j 

w 

1 

I  A' 

1 

A 

Residual. 

e’ 

( 

Be  1  « 

Residual. 

1 

1 

I  Feet. 

Feet. 

0 

1 

0  0 

0 

1870 . 

110.00 

4.9406 

0. 98735 

4.8781 

-168 

322.07 

-1. 92  1  320. 15 

+0.33 

1871 . 

...j  90.34 

4.8533 

0.99915 

4. 8494 

-455 

321.34 

—2.07  319.27 

-0.55 

1872  . 

...1  70.96 

1  4.8558 

1.01120 

4.9102 

+  153 

322.12 

—1. 96  '  320. 16  ' 

+0.34 

1873 . 

..J  61.63 

1  4.8037  1 

1.02228  ! 

4.9107 

+158 

321.55  1 

—1. 65  j  319. 90 

+0.08 

1874 . 

...  32.31 

4.7369 

1.03105 

4.8841 

-108 

320.63  1 

—1. 13  j  319. 50 

-0.32 

1875  . 

...'  12.98 

4.7048  1 

1 

1.03609 

4. 9368 

+419 

320.40 

-0.47  1  319.93 

+0. 11  1 

1  A  - . . 

j 

1 _ i 

1 . 1 

4.8949±.0084 

! 

.  319. 82± 0.10 

i 

' 

1  t 

1'  i 

Here  the  probable  error  of  the  average  amplitude  is  much  greater  than  that  of  the  preceding 
cases,  and  the  probable  error  of  the  epoch,  reduced  to  lineal  measure,  is  about  the  same  as  that  of 
the  amplitude.  In  the  case  of  the  amplitudes  it  is  seen,  also,  that  the  minus  signs  rather  prevail 
in  the  first  half  of  the  series  and  the  plus  signs  in  the  latter  half.  The  average  of  the  first  three  is 
.0157  feet,  or  nearly  J  of  an  inch,  while  that  of  the  last  three  is  the  same  with  the  contrary  sign. 
This  result  has  an  important  bearing  upon  the  principle  by  which  the  corrections  for  the  lunar 
nodal  term  have  been  made,  which  is,  that  larger  and  smaller  tides  are  proportional  to  the  forces 
upon  which  they  depend.  This  principle  is  theoretically  correct  for  deep-water  tides  without  fric¬ 
tion,  but  I  have  not  found  it  to  be  strictly  correct  in  any  case  which  I  have  examined.  In  the  tides 
of  Brest,  Liverpool,  Kurrachee,  San  Francisco,  and  others,  and  notably  so  in  the  Boston  tides,  I  have 
found  that  the  larger  semidiurnal  tides  are  smaller  in  proportion  to  the  forces  than  the  smaller 
S.  Ex.  13 - 37 
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ones.  The  same  is  shown  by  the  residuals  above  to  be  true  in  the  tides  of  Pulpit  Cove ;  for 
these  residuals  show  that  the  larger  amplitudes  of  the  first  part  of  the  series,  corrected  upon  the 
principle  of  proportionality  to  the  forces,  are  more  than  ^  of  an  inch  smaller  than  the  corrected 
smaller  amplitudes  of  the  last  half  of  the  series.  Having  a  series  of  only  six  years  on  hand,  which 
is  less  than  one-third  of  the  period  of  the  moon’s  node,  this  matter  cannot  be  so  clearly  brought 
out  here,  but  if  we  hatl  a  series  of  19  years,  it  would  be  interesting  to  trace  the  residuals,  given 
by  the  corrected  amplitudes  as  above,  around  the  whole  period ;  and  they  would  undoubtedly  have 
contrary  signs  in  the  two  opposite  parts  of  the  period  coiTCsponding  to  the  largest  and  the  smallest 
amplitudes,  as  I  have  found  in  the  case  of  the  Liverpool  tides.  (Tidal  Researches,  §  206). 

The  following  uncorrected  amplitudes  and  epochs,  A'  and  £',  of  the  declinational  semidiurnal 
component,  are  taken  from  §  24  under  M3,  and  the  reducing  factors  and  the  corrections  of  the  epochs 
are  taken  from  Table  VI. 


Yeai-s. 

-  ! 

A 

A^' 

A 

Residual. 

«' 

6c 

. 

Residual. 

0 

Fen.  1 

[ 

Feet. 

1 

0 

0 

0 

0 

1870  . 

no.  00 

.  2400 

1.  0024  1  2.  .‘{5m 

.  2.556  -}-  0.  65m 

+  260 

22.0 

-16.6 

5.4 

+  6.6 

1871 . 

90. 34 

.2.381  ’ 

0.  9031  0.  0 

.  2293  0.  0 

1  -  3  , 

6.8 

16.0 

350.8 

-ao 

1872  . 

70.90 

.2540  I 

0.8882-2.0 

.  2256  -0.  5 

-  40 

12.4 

13.9 

358.5  1 

— 0. 3  1 

1873  . 

51.63 

1  .2331 

0.8:{48-3.1  ! 

.  1946  -0.  8 

1  -350 

12.6 

10.8  ' 

1.8 

+3.0 

1874  . 

32.31 

.2936 

0.8010-3.9  1 

.2352  -1.1 

1  +  56  1 

11.0 

7.0 

4.0  1 

+5.2 

1875  . 

12.  98 

.3040 

0.7814-4.3  j 

.2375  —1.3 

+  79 

355.3 

—  2.9 

352. 4 

1  —6.4 

Average... . 

.2296  ±  .0055-0.  56m 

■ . 1 

358,8+1.7 

, 

*  1 

1  : 

The  probable  errors  here  are  smaller  than  in  the  preceding  case.  The  probable  error  of  the 
epoch,  reduced  to  lineal  measure,  is  db  .0069,  a  little  greater.than  that  of  the  amplitudes.  The  signs 
of  the  residuals  in  both  the  amplitudes  and  epochs  are  entirely  satisfactory,  and  the  correction  for 
the  effect  of  the  small  term  of  nearly  the  same  period,  depending  upon  the  moon’s  node,  seems  to  be 
accurately  made  in  this  case. 

27.  The  amifiitudes  and  epochs  of  fiv^e  components  of  long  period  have  been  obtained  from  the 
analysis  of  the  observations  by  the  method  explained  in  §  20.  All  the  daily  averages  of  observations 
throughout  the  year  contained  within  each  equal  division  of  15^  of  each  argument  were  put  into  one 
group  and  the  averages  taken,  from  which  were  obtained,  as  in  the  ca«e  of  the  short  period  compo¬ 
nents,  twenty-four  averages  for  each  argument,  and  from  these  the  amplitudes  and  epochs  were 
obtained  as  in  the  short-period  tides.  For  the  purpose  of  arranging  the  daily  averages  in  their  proper 
groups  a  table  of  the  values  of  each  argument  for  the  middle  of  each  day  throughout  the  year  was 
made,  so  that  it  would  be  readily  seen  from  the  table  in  which  group  each  daily  average  was  to  be  put. 

The  corrections  for  m  and  n  (19)  become  of  no  importance  in  long-period  tides,  on  account  of 
the  large  value  of  the  denominator  s  (il  —  i,)  r.  Putting  for  8%  its  value  in  the  case  of  the  lunar, 
semidiurnal  tide,  which  is  28^.98410,  and  for  8%,  the  value  of  w,-,  as  directed  in  §  20,  and  taking  the 
daily  value  of  W2  in  §  4  as  an  example,  we  should  have  for  the  hourly  value  of  0^.5444,  and  hence 
{8%  —  1/2)  =  28^.4397.  With  this  value,  putting  r  =  8760,  the  number  of  hours  in  a  year,  the  denomi¬ 
nator  becomes  4265,  and  the  coefficient  of  A,  for  the  maximum  value  of  the  numerator,  would  be 
only  This  in  the  case  of  the  tides  in  hand,  in  which  A  for  the  lunar  tide  is  less  than  5  feet, 

would  give  a  value  for  m  of  only  about  .0023  of  a  foot,  or  -3-^  of  an  inch.  For  all  the  other  short  period 
comxmnents  the  value  would  be  much  less. 

The  errors  arising  from  the  unequal  distribution  of  the  observations  through  the  arguments 
may  amount  to  much  more  than  these,  but  they  cannot  amount  to  anything  of  much  importance, 
as  will  be  shown  by  the  following  results. 

As  the  arguments  all  commence  with  f  =  0,  for  the  beginning  of  the  year,  the  epochs  immedi¬ 
ately  obtained  had  to  be  coreected  by  adding  the  values  of  k,  given  in  §  4,  in  order  to  make  the 
epochs  of  the  several  years  comparable  with  one  another.  A  correction  also  for  the  amount  of 
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change  in  the  arguments  in  twelve  hours,  had  to  be  applied,  since  by  using  the  daily  averages  the 
time  of  ^  =  0  was  noon  instead  of  midnight. 

The  following  are  the  results  obtained  in  the  manner  just  explained: 


Lunar  elliptic  component.  Lunar  decliuational  component. 


1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

A^  .082 

.069 

.024 

.074 

•.057 

.014 

1! 

0 

.037 

.048 

.047 

.073 

.040 

e  =  96®.  3 

35®.  0 

34®.  2 

295®.  9 

279  \  3 

109®.  5 

e  ==  1®.  1 

208®.  3 

10®.  7 

211®.  8 

4®.  4 

94®.  8 

Solar  elliptic 

and  declinational  components. 

Ma  Sa  (shallow-water  component). 

1870. 

1871. 

1872.  1873. 

1874. 

1875. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

Average. 

Ai  = 

.080 

.176 

. 120 

.177 

.262 

A  =  .190 

.157 

.163 

.229 

.180 

.123 

.  174  +  .  010 

ei  = 

119®.  9 

162®.  3 

.  167®.! 

187°.  5 

225®.  8 

e  -=160®.  5 

150®.  7 

CO 

161®.  3 

1590.3 

1580.  5 

157. 1  1°.  2 

At  = 

.090 

.093 

. 097 

.026 

.152 

ej  — 

470.6 

57®.  1 

.  111®.  1 

145®.  6 

74®.  3 

The  varying  values  of  A,  and  the  scattering  values  of  e,  falling  somewhat  in  all  iiarts  of  the 
circumference  of  the  circle,  indicate  that  there  is  no  sensible  lunar  elliptic  or  declinational  compo¬ 
nent,  which,  it  will  be  shown,  is  what  theory  requires.  The  epochs  ei,  of  the  solar  elliptic,  and 
those  of  £2,  of  the  solar  declinational  component,  falling  somewhat  in  the  same  part  of  the  circum¬ 
ference  of  the  circle,  indicate  real  components;  but  since  the  period  of  the  argument  is  one  year 
in  this  case,  they  are  undoubtedly  due  to  meteorological  causes,  such  as  changes  of  winds  and  of 
barometric  pressure,  and  likewise  of  ocean  currents,  all  of  which  may  have  a  variation  with  an 
annual  period.  The  amplitudes  and  epochs  of  these  components  for  1872  could  not  be  obtained  on 
account  of  a  change  in  the  zero  of  the  tide-g^ge  during  this  year. 

The  shallow-water  component  is  the  82  long-period  cornpoueiit  of  Schedule  lY.  The  small 
range  in  the  values  of  the  epochs  for  the  several  years,  as  well  as  the  largeness  of  the  amplitudes, 
shows  that  this  is  a  real  tide-component  with  an  amplitude  of  more  than  two  inches.  The  small 
probable  errors  of  both  the  amplitude  and  epoch,  the  former  being  only  one-eighth  of  an  inch,  show 
that  the  principle  which  has  been  adopted  of  using  the  daily  averages  cannot  lead  to  much  error, 
for  the  greater  part  of  these  probable  errors  is  no  doubt  due  to  the  accidental  uneUminated  dis¬ 
turbances  of  winds,  barometric  pressure,  &c.,  since  they  are  nearly  of  the  same  order  as  those  in 
the  short-period  tides. 

The  height  of  the  mean  level  of  the  sea  above  the  zero  plane  of  the  tide-gauge  was  found  to 
be  in  feet  as  follows : 

1870  1871  1872  1873  1874  1875 

A„  =  10.1885  10.0768  8.5042  10.2312  10.1286  10.2786 

It  is  seen  that  there  was  a  great  change  for  some  reason  in  the  zero  plane  of  the  tide-gauge  in 
1872.  The  series  of  observations  is  too  short  to  decide  the  interesting  question  in  geology,  whether 
the  continent  is  rising  or  falling,  unless  the  rate  of  change  were  considerable,  and  we  could  be  cer¬ 
tain  that  the  zero  of  the  tide-gauge  was  kept  on  the  same  level  plane  throughout. 

III.— COMPARISONS  OF  OBSERVATION  WITH  THEORY. 

28.  It  is  proposed  under  this  head  to  ascertain  how  nearly  the  preceding  results  from  observa¬ 
tion  satisfy  the  various  theoretical  relations  between  the  amplitudes,  epochs,  and  tidal  forces,  first 
published  in  my  Tidal  Eesearches.  This  is  important,  since  if  these  relations  or  laws  can  be  shown 
from  comparisons  with  observation  to  hold  generally  for  all  tide-stations,  then  these  relations  need 
no  longer  be  sought  by  a  laborious  analysis  of  tide  obser\"ations. 

Tiet  us  consider,  first,  the  mean  lunar  tide,  as  obtained  from  analysis,  and  given  in  §  24.  At 
least  five  of  the  six  components  given  there  are  real  tides.  The  first,  of  which  the  amplitude  is 
denoted  by  Ai,  is  a  very  small  diurnal  tide  depending  upon  corresponding  forces.  It  is  the  result¬ 
ant  of  two  components  arising  from  the  two  terms  in  Schedule  I,  denoted  by  Wi  and  Wi,  in  which  the 
periods,  as  denoted  by  the  values  of  i,  are  very  nearly  the  same  as  that  of  the  mean  moon.  Puf- 
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ting  A  and  e  for  the  amplitude  and  epoch  of  the  larger,  and  A'  and  e'  for  those  of  the  smaller 
tide  components,  they  and  their  resultant  may  be  put  into  the  following  form  : 

A  cos  (?i  t  J  ~  —  ^)  +  (b  ^  J  ^  (1*1  f  +  o)  —  J  T  —  ds) 


in  which 


A"  =  -/A^  +  A«  -  2  A  A'  cos  2  a  =  A^l  +  (“Y-  cos  2  < 
A'  sin  2  cy  11  sin  2  to 


tan  de  = 


A  —  A'  cos  2  to  52  —  11  cos  2 1 


In  these  expressions  to  is  the  longitude  of  the  moon’s  perigee.  Since  the  periods  are  so  nearly 
the  same  the  amiditudes  of  the  tidal  components  must  be  proportional  to  the  coefficients  of  the 
terms  in  the  forces  giving  rise  to  them,  which  are  .052  and  .011,  and  upon  this  principle  we  get  the 
second  forms  of  expression  of  A"  and  tan  <?£. 

It  is  seen  from  the  resultant  expression  of  the  two  components  that  the  amplitudes  and  epochs 
are  slightly  variable,  the  variation  depending  upon  the  value  of  <y,  and  also  that  the  epochs  obtained 
from  observation,  which  are  equal  to  e  —  w  —  oe,  must  diminish  as  <y  increases,  and  also  be  affected  by 
the  inequality  <5e.  The  uneliminated  abnormal  disturbances  are  so  gTeat  in  comparison  with  this 
small  tide,  with  an  amplitude  of  only  about  one-third  of  an  inch,  that  we  cannot  make  a  comparison 
of  these  inequalities  with  theory,  but  it  is  seen  that  the  observed  epochs  e  decrease  on  the  average 
about  IQo  per  year,  the  rate  at  which  <o  increases,  and  it  will  be  shown  further  on  that  the  average 
observed  epoch  is  that  which  theory  re^iuires. 

Theory  gives  no  relations  between  the  forces,  and  the  amplitudes  and  epochs  of  the  tides  from 
which  we  can  determine  the  latter,  but  it  only  establishes  certain  relations  between  the  amplitudes 
and  epochs  of  the  different  components  of  approximately  the  same  periods.  We  have  to  depend, 
therefore,  upon  observation  for  the  amplitude  and  epoch  of  one  or  more  of  the  larger  components 
of  each  class,  and  then  from  these  theory  determines  the  rest.  We  have  to  depend  upon  observa¬ 
tion  for  the  amplitudes  and  epochs  of  the  mean  lunar  semidiurnal  tide,  and  can  make  no  dii*ect 
comparison  of  them  with  theory. 

The  quarter-diurnal  lunar  tide,  of  which  the  amplitude  is  denoted  by  A4,  is  the  shallow-water 
component  of  Schedule  IV,  designated  by  M2  M2.  The  small  range  of  the  values  of  the  epoch  £4 
for  the  several  years  show  that  this  is  a  real  component,  though  quite  small,  the  average  of  the 
observed  amplitudes  being  only  about  i  of  an  inch.  This  component  in  the  Liverijool  tides  has  an 
amplitude  of  nearly  nine  inches,  which  indicates  that  the  shallow-water  components  there,  in  gen¬ 
eral,  must  be  very  much  larger  than  at  Pulpit  Cove.  The  only  theoretical  relation  which  we  have 
in  this  tide  for  comparison  with  observation  is  that  its  amplitudes  for  different  years  should  be  in 
])roportion  to  the  squares  of  the  amplitudes  of  the  mean  lunar  semidiurnal  comiwnent,  as  is  seen 
from  the  value  of  E  in  Schedule  IV.  This  relation  holds  in  this  case,  the  amplitudes  of  both  com¬ 
ponents  decreiising  with  the  series,  but  the  probable  errors  in  the  ^  ery  small  amplitudes  of  A4  ai*e 
proportionately  so  large  that  this  agreement  with  theory  must  be  regarded  as  being  most  likely 
accidental.  In  the  Liveri>ool  tides,  Avhere  the  amplitude  of  this  component  is  very  much  larger, 
this  theoretical  law  is  satisfied  by  observation  very  accurately. 

The  one-sixth  diurnal  lunar,  or  Mi  tide,  of  which  the  amplitude  is  denoted  by  Ag,  is  the  shallow- 
water  component  of  Schedule  V,  designated  by  M2  (M2  M2).  This,  although  a  comjmnent  of  the  sec¬ 
ond  order,  is  much  larger  than  the  qilarter-diurnal  component.  It  is  siu-prising  to  see  how  all  the 
abnormal  and  other  disturbances  are  eliminated  in  this  case,  as  shown  by  the  nice  agreement  of 
the  results  for  the  several  years.  This  arises  no  doubt  from  the  fact  that  the  neglected  corrections 
depending  upon  ni  and  a,  (10),  in  the  diiu  nal  and  semidiurnal  tides,  are  entirely  insensible  in  this 
case,  for  reasons  which  haA  C  been  already  given,  and  that  only  the  abnormal  accidental  disturbances 
have  to  be  eliminated. 

The  one-eighth  diurnal  lunar  component  is  that  of  Schedule  VI,  designated  by  M2  Mg.  Although 
the  ampUtudes  of  this  component  obtained  by  the  analysis  is  extremely  small,  yet  the  values  of  the 
epochs  all  falling  within  a  range  of  40®  shows  that  there  is  a  real  component,  having  a  period  of  only 
three  hours  with  un  amplitude  of  about  one  sixth  of  an  inch.  It  is  surprising  to  see  how  completely 
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so  many  large  inequalities  with  various  periods,  together  with  all  the  abnormal  disturbances,  can 
be  eliminated,  and  so  small  a  component  brought  out  with  so  much  certainty. 

29.  Of  the  solar  components  given  under  the  head  of  M2  or  S,  §  24,  the  first  is  a  diurnal  tide 
having  the  same  period  as  that  of  the  mean  sun,  or  at  least  sensibly  30,  and  arises  in  the  same 
manner  as  the  corresponding  one  in  the  lunar  components.  The  amplitudes  and  epochs  in  this 
case,  however,  should  be  sensibly  the  same  from  year  to  year,  on  account  of  the  very  slow  motion 
of  the  sun’s  perigee.  The  values  of  the  epochs,  as  brought  out  by  the  analysis  of  the  observations, 
although  somewhat  irregular  on  account  of  the  uneliminated  abnormal  disturbances,  are  as  regular 
as  can  be  expected  in  so  small  a  component  and  indicate  a  real  term.  Tne  amplitude  of  this  compo¬ 
nent,  according  to  theory,  should  be  to  that  of  the  corresponding  lunar  component  very  nearly  in 
the  proi>ortion  of  the  solar  and  lunar  forces,  and  hence  less  tuaii  half  as  great.  If  we  except  the 
first  value,  that  of  1870,  which  for  some  reason  is  much  larger  than  the  rest,  the  averages  of  the 
balance  give  about  this  ratio. 

The  amplitudes  of  the  mean  solar  semidiurnal  component  should  be  the  same  from  year  to 
year.  The  differences  given  by  the  analysis  are  due  to  the  abnormal  uneliminated  disturbances 
and  to  the  small  neglected  corrections  due  to  m  and  n  (19),  except  for  the  principal  terms.  The 
average  of  the  six  years,  however,  gives  a  value  with  a  probable  error  of  only  about  of  an  inch. 

The  scattering  values  of  the  ei>ochs,  £3,  of  the  terdiurnal  component  indicate  that  there  is  no 
real  component  of  this  period.  The  values  also  of  the  epochs,  £4,  indicate  that  there  is  no  real 
sensible  quarter  diurnal  solar  component,  and  this  contiims  the  theoretical  relations  given  in 
Schedule  IV,  in  which  this  component  is  designated  by  S2  S,.  From  the  values  of  R  there 
given,  it  is  seen  that  the  ratio  of  this  component  to  the  coiTesponding  lunar  component  is  as  to 
Ai^,  Ai  and  A^,  being  the  amplitudes  respectively  of  the  lunar  and  solar  semidiurnal  components, 
and  hence  the  amplitude  of  the  solar  quarter-diurnal  component  should  be  only  about  of  that 
of  the  lunar.  But  this  latter  was  found  to  be  only  about  J  of  an  inch,  and  hence  the  amplitude  of 
the  solar  quarter-diurnal  component  woidd  be  by  theory  only  about  j  ^  of  an  inch,  and  hence  the 
component  is  too  small  to  be  brought  out  in  the  analysis  of  the  observations. 

The  one-sixth-diurnal  solar  component,  designated  by  S*  (S^  S^)  in  Schedule  V,  should  have  an 
amplitude  by  theory,  as  seen  from  the  values  of  R  in  the  schedule,  which  is  to  that  of  the  corre- 
simnding  lunar  component,  as  A^^  to  Ai^,  that  is,  only  about  ^  Jo  latter,  and  heuce  entirely 

insensible. 

30.  In  all  the  other  M,  tides  only  two  components,  the  diiunal  and  semidiurnal,  were  brought 
out  in  the  analysis,  the  residuals  showing  that  if  there  were  any  other  sensible  components  of  a 
lower  order  they  were  too  small  to  be  of  any  importance.  Of  the  diurhal  components  only  those 
belonging  to  the  M3,  Me,  M7,  Mi 3,  and  Mu  tides  depend  upon  terms  in  the  tidal  forces.  These  we 
shall  consider  further  on.  The  scattering  values  of  the  epochs,  £1,  of  the  others,  as  well  as  the  small¬ 
ness  of  the  amplitudes  in  most  cases  as  brought  out  by  the  analysis,  show  that  there  are  no  real 
diurnal  components  belonging  to  these  classes  of  tides,  which  is  in  accordance  with  theory,  for 
there  are  not  only  no  terms  in  the  tidal  forces  to  give  rise  directly  to  such  components,  but  there 
are  none  in  Schedule  III  of  the  shallow- water  diurnal  components  having  the  same  periods  respect¬ 
ively. 

The  quai*ter-diiu*nal  shallow-water  comimnent  M^  S^  of  Schedule  IV,  from  the  i*esults  of  the 
analysis  given  in  §  24,  does  not  seem  to  be  a  sensible  component  at  Pulpit  Cove,  though  at  Liv¬ 
erpool  it  has  an  amplitude  of  about  five  inches.  Tlie  small  amplitudes  given  by  the  analysis  are 
simply  the  effects  of  the  uneliminated  irregularities,  as  the  irregular  values  of  the  epochs  indicate. 
Accortling  to  the  theoretical  relations  given  by  the  values  of  R  in  Scheilule  IV,  the  amplitude  of 
this  component  should  bo  to  that  of  the  lunar  quarter-diurnal  component  as  A,  to  JAi,  that  is,  as 
.7706  to  i  X  4.895,  or  1  to  3  nearly.  But  as  the  latter  was  found  to  be  only  about  ^  of  an  inch,  the 
amplitude  of  the  former  should  be  only  about  -/j  of  an  inch,  and  hence  the  component  is  too  small 
to  be  shown  by  the  analysis  of  the  observations.  This,  together  with  the  example  given  in  the 
last  section,  furnishes  two  cases  in  which  the  theoretical  relations  between  the  amplitudes  in  Sched¬ 
ule  IV  are  confirmed,  inasmuch  as  these  relations  give  no  sensible*  components  when  none  are  found 
by  the  analysis.  In  the  Liverpool  tides,  where  the  amplitudes  are  so  large  that  very  accurate  com¬ 
parisons  could  be  made,  I  found  that  these  relations  were  accurately  satisfied  by  the  results 
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obtained  from  observation.  If  these  theoretical  relations,  therefore,  can  be  regarded  as  being  suf¬ 
ficiently  confirmed  by  observations,  none  of  the  other  quarter-diurnal  components  of  Schedule  IV 
are  sensible  in  the  tides  of  Pulpit  Cove,  and  need  not  be  sought  after  by  analysis  of  the  observa¬ 
tions. 

The  results  of  the  analysis  for  the  3I2  (S.^  S2)  semidiurnal  shallow- water  component  of  Schedule 
V  show,  by  the  irregularities  of  the  values  of  the  epochs  for  the  several  years,  that  if  this  compo¬ 
nent  is  not  entirely  insensible,  it  is  at  least  very  small.  The  principal  terms  in  this  class  of  com¬ 
ponents,  it  is  seen  from  the  values  of  have  the  same  periods  as  components  depending  directly 
upon  the  forces,  and  hence  cannot  be  separated  from  them  in  the  analysis.  Although  the  compo¬ 
nent  Ma  (Sa  Sa)  is  uot  sensible  in  the  tides  of  Pulpit  Gove,  yet  the  theoretical  relations  of  the 
amplitudes  given  by  the  expressions  of  R  are  such  that  some  of  the  other  components  may  be  very 
considerable.  These  relations  make  the  amplitude  of  the  Ma  (Mg  Ma)  component,  which  is  combined 
with  the  principal  semidiurnal  lunar  component,  nearly  40  times  as  great  as  that  of  the  M,  (S,  S,) 
component,  so  that,  although  the  latter  is  insensible,  yet  the  former  might  have  an  amplitude  of 
several  inches. 

31.  The  amplitudes  of  the  five  diurnal  components  dei>ending  directly  u^mn  the  forces,  if  they 
are  not  sensibly  affected  by  shallow- water  components,  should  satisfy  the  five  equations  (167),  Tidal 
Researches.  The  left-hand  members  of  these  equations  are,  in  the  notation  used  in  analyzing  the 
tides,  Ai  of  the  M3,  Me,  M7,  Mn,  and  M14  tides,  respectively.  With  the  values  of  the  latter  three 
taken  from  §  24,  and  of  the  first  two  from  §  25,  these  equations  become — 

.4528  -  0.65  dll  =  (.5306  -  13.1  dji)  (1  +  .230  E)  A,, 

.3586  =  .3813  (1  -  .230  E)  Au 
.1530  =  (.1730  -  13.6  dfi)  (1  +  .196 E)  Ao 
.0196=  .011  (l  +  .458E)Ao 
.0662=  .052  (l-.458E)Ao 

The  unknown  quantities  in  these  equations  are  A^,,  E,  and  5/i,  but  the  terms  depending  upon 
the  latter  vanish  if  we  regard  the  assumed  mass  of  the  moon  .0125  as  correct,  and  we  then  have 
only  the  two  former. 

These  equations  might  be  solved  by  the  method  of  least  squares  and  the  most  probable  values 
of  the  unknown  quantities  obtained  in  this  way,  but  as  the  last  two  do  not  have  much  weight,  on 
account  of  the  smallness  of  the  amplitudes  of  the  components  upon  which  they  depend,  we  shall 
determine  them  from  the  solution  of  the  first  three.  This  solution  gives— 

Ao  =  .8915  E  =  -  .234  rV  =  -  .00050  i  .00012 


The  probable  error  has  been  obtained  from  the  18  residuals  in  satisfying  the  first  three  of  the 
preceding  equations  with  the  values  of  the  unknown  quantities  just  obtained,  and  with  the  values 
of  the  amplitudes  given  by  each  separate  year  in  §§  24  and  25  substituted  in  the  first  members. 
These  residuals  are  for  each  of  the  six  years  in  the  three  classes  of  eipiations  as  follows: 

-f  .0016 

-f  .0045 

-.0006 

-f  69 

-  72 

-  19 

-  10 

-f  54 

-  46 

-  4 

-  52 

-  14 

4-  68 

-  47 

+  18 

-  127 

+  70 

+  71 

The  weight  for  the  unknown  quantity  dfi  obtained  from  the  solution  is  1118.  With  this  weight 
these  residuals  give  the  probable  error  above.  With  the  correction  of  ii  above  we  get  for  the 
moon’s  mass — 

/i  =  .0125  -  (.00050  ±  .00012)  =  333  ^  ^77 

This  mass  obtained  is  very  satisfactory,  considering  the  shortness  of  the  series  of  observations 
and  the  smallness  of  the  diurnal  tide  in  the  Atlantic,  and  the  probable  error  is  small.  But  it  must 
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be  understood  here  that  this  is  the  error  only  arising  from  the  uneliminated  effects  from  the  aver¬ 
ages  of  the  accidental  disturbances,  and  does  not  include  theoretical  errors  which  may  have  the 
same  effect  from  year  to  year.  We  need,  tlierefore,  some  test  of  the  theory,  and  this  is  had,  in  some 
measure,  in  trying  whether  the  values  of  Ao  and  E  obtained  from  the  first  three  of  the  preceding 
equations  also  satisfy  the  other  two.  Tliese  values  give  for  tlie  first  meml)ers  of  these  equations 
.0088  and  .0515,  leaving  residuals  of  +  .0108  and  +  .0147.  These  residuals  are  small,  the  larger 
being  only  ^  of  an  inch,  still  they  are  larger  than  the  probable  errors  of  these  amplitudes  given  in 
§  24,  and  indicate  that  there  are  errors  in  the  theory  which  are  gi'eater  than  the  probable  errors 
arising  from  uneliminated  effects  of  accidental  disturbances.  If  the  five  equations  had  been  treate<l 
by  the  method  of  least  squares,  these  residuals  would  have  been  divided  in  some  measure  among 
the  other  equations,  and  consequently  would  have  been  diminished  a  little,  but  this  would  have 
changed  the  value  of  dp.  but  little  on  account  of  the  small  weight  of  the  last  two  equations. 

The  theory  upon  which  these  equations  are  based  is  that  of  deep-water  tides,  and  if  they  do 
not  precisely  satisfy  the  results  obtained  by  the  analysis  from  the  observations,  the  explanation  is 
to  be  found  in  the  effects  of  shallow-water  comiwnents,  which  are  not  taken  into  account  in  these 
equations.  If  we  turn  back  to  Schedule  III  and  examine  the  shallow- water  diurnal  components 
given  by  theory,  we  find  from  the  value  of  w  =  h  that  there  are  three  which  have  the  same  period 
as  the  component  depending  directly  upon  the  tidal  forces,  of  which  the  amplitude  is  the  first 
member  of  the  first  equation,  and  one  affecting  the  amplitudes,  or  first  members,  of  each  of  the 
other  four  equations  in  the  same  manner.  Now,  since  the  effect  of  these  shallow- water  components 
cannot  be  separated  from  the  others  by  analysis,  we  do  not  know  whether  they  have  a  sensible 
effect  upon  the  preceding  equations,  but  since  the  five  equations  cannot  be  completely  satisfied  with 
any  values  of  the  unknown  quantities,  and  we  have  found  from  the  analysis  that  there  are  sensible 
shallow-water  components  among  some  of  the  other  classes,  it  is  most  probable  that  these  equa¬ 
tions  are  slightly  affected  by  sensible  diurnal  shallow-water  components,  and  that  the  correction  of 
the  moon’s  mass,  which  we  have  obtained,  may  likewise  be  slightly  affected  by  them. 

The  effect  of  these  disturbing  components  of  Schedule  III  might  be  determined  by  obtaining 
from  the  analysis  of  the  observations  the  components  Pi  and  Sj,  Oi,  or  both,  since  these  are  rela¬ 
tively  considerable  components,  and  then  from  the  theoretical  relations  given  under  the  heads  of  R 
and  g,  the  amplitudes  and  epochs  of  the  disturbing  components  could  be  determined.  This  has 
not  been  done  in  the  preceding  analysis.  The  best  way  perhaps  to  test  the  preceding  theory,  and 
to  obtain  a  true  value  of  the  moon’s  mass,  would  be  to  analyze  the  observations  of  some  station  so 
near  to  deep-sea  water  that  all  the  disturbing  shallow-water  components  would  disappear.  The 
small  probable  error  given  above  is  interesting  in  showing  with  what  great  accuracy  the  moon’s 
mass  could  be  obtained  from  the  observations  by  means  of  these  new  equations,  based  upon  the 
relations  between  the  several  components  of  the  diurnal  tide,  even  in  the  case  of  so  small  diurnal 
tides  as  those  of  the  Atlantic,  if  we  could  either  correct  accurately  or  get  rid  of  the  disturbing 
shallow-water  components,  so  that  the  ])robable  error  would  depend  merely  upon  uneliminated 
accidental  disturbances. 

Having  now  obtained  the  value  of  Ao,  this  multiplied  into  .052,  the  coefficient  of  the  term  Wi,  in 
Schedule  I,  gives  .0460  for  the  average  amplitude  of  the  Mi  diurnal  coinjjonent,  which  is  compara¬ 
tively  much  greater  than  the  average  of  those  given  in  §  24,  obtained  from  the  analysis  of  the 
observations.  The  absolute  difference,  however,  is  only  about  ^  of  an  inch. 

32.  The  first  three  equations  of  (168),  Tidal  Researches,  together  with  two  others  depending 
upon  the  Mi^  and  Mh  components  of  Schedule  I,  deduced  iii  the  same  manner,  should  likewise  be 
satisfied  by  the  results  of  the  preceding  analysis,  if  there  are  no  shallow-water  disturbing  compo¬ 
nents.  These  equations,  neglecting  the  quantities  of  a  third  order  depending  upon  G',  and  re¬ 
ducing  the  coefficients  of  G  expressed  in  terms  of  the  radius  to  degrees,  and  putting  the  values  of 
€  given  in  §§  24  and  25,  in  the  first  members,  are : 

Residuals. 

309O.C  =  Lo  +  130.18  G  0.0 

2910.1  =  L,  - 130.18  G  0.0 

3100.6  =  Lo  + 110.22  G  +  2o.3 
3150.4  =  L,  + 260.26  G  -  3o.2 
2620.8  =  L,  -  260.26  G  -  18o.9 
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The  first  two  of  these  equations  are  based  upon  the  two  principal  diurnal  components,  and  the 
other  three  should  have  comparatively  small  weight  on  account  of  the  smallness  of  the  components 
upon  which  they  depend.  We  shall  therefore  detennine  the  unknown  quantities  from  the  first 
two.  These  give  Lo  =  300^.3  and  G  =  .701.  These  values  satisfy  the  equations  with  the  annexed 
residuals.  The  first  two  are  not  much  larger  than  the  probable  errors  of  observation,  but  the  last 
one  is  much  greater  than  the  probable  error,  i  3o.7,  of  the  epoch  2620.8  from  observation,  which 
indicates  that  the  theory  is  not  completely  satisfied  by  observation.  This  is  no  doubt  on  aecount 
of  the  disturbing  effect  of  small  shallow-water  components  not  taken  into  account  in  the  theory. 
The  amplitude  of  this  component  is  only  0.8  of  an  incli,  so  that  a  disturbing  component  with  an 
amplitude  of  only  J  of  an  inch,  with  the  proper  epoch,  would  be  sufficient  to  change  the  epoch  of 
the  affected  component  by  the  amount  of  the  residual,  and  make  observation  agree  with  theory. 

If  the  preceding  equations  had  been  treated  by  the  method  of  least  squares,  the  residuals  would 
have  been  distributed  among  all  the  equations  and  somewhat  diminished,  and  the  values  of  the 
constants  obtained  would  have  been  slightly  different. 

The  value  of  G  above  is  the  time  in  days  by  which  the  maximum  of  any  inequality  in  the  diurnal 
tide  follows  the  time  of  the  maximum  in  the  forces,  as  for  instance,  the  time  that  the  maximum  lunar 
diurnal  tide  follows  the  moon’s  greatest  declination,  or  the  time  that  the  minimum  follows  the  time 
of  its  crossing  the  equator,  for  the  diurnal  tide  does  not  absolfitely  vanish  at  this  time,  as  is  usually 
supposeil,  unless,  the  conditions  should  be  such  as  to  make  E  =  0,  in  the  tidal  expressions  of  the 
preceding  section,  as  in  the  case  of  the  equilibrium  theory. 

33.  The  amplitudes  of  the  seveml  semidiurnal  comimnents  obtained  by  analysis  of  the  observa¬ 
tions  should  satisfy  the  following  three  sets  of  equations,  the  second  members  being  common  to  all ; 


Liveqiool 

.  Kurraclice. 

Pulpit 

Cove. 

RoaidiialH. 

Tide 

eoiupoueiit. 

.3162 

or 

.3733 

or 

.1574  = 

(.4582 

— 

36.2  o»  (1+  .4235E) 

0  . 

Ma 

•0256 

or 

.0233 

or 

.0066  = 

.0240 

(1 

-.42r.5  E) 

-f  .0279 

M,„ 

.0916 

or 

.0978 

or 

.0469  = 

(.1256 

— 

3.2  >l'i)  (1  +  .4590  E) 

0 

Ma 

.0544 

or 

.0266 

or 

.0484  = 

.0286 

(1 

+  .228  E) 

-  .0372 

M4 

.1913 

or 

.2396 

or 

.2082  = 

.1922 

(1 

-  228  E) 

0 

.0266 

or 

.0190 

or 

.0130  = 

.0078 

(1 

+  1975  E) 

—  .0092 

Ma 

.0620 

or 

.0480 

or 

.0558  = 

.0375 

(1 

-1975E) 

-  .0189 

Ms 

.0185 

or 

.0410 

or 

.0045  = 

.0266 

(1 

+  .4083  E) 

-f  .0088 

The  first  five  of  these  equations  are  taken  from  Tidal  Eesearches  (171),  neglecting  the  terms  of 
a  third  order  depending  upon  e',  and  putting  for  the  first  members  of  the  equations  their  numerical 
values  obttiined  from  the  analysis  of  the  observations,  and  the  others  are  additional  equations 
obtained  in  the  same  manner  and  based  upon  other  still  smaller  tide  ce>mponents.  The  components 
included  in  the  equations  are  denoted  by  M2,  Mm,  M3,  &c.  The  preceding  are  the  equations  which 
belong  to  deep-water  tides  without  friction  varying  from  the  law  of  proportionality  to  the  fli*8t 
power  of  the  velocities,  and  with  the  two  unknown  quantities  determined  from  observation  should 
represent  the  tides  in  every  part  of  the  world.  In  addition  to  the  amplitudes  of  the  several  tide 
components  of  Pulpit  Cove  in  the  first  members  of  these  equations,  those  for  Liverpool,  and 
Kurrachee,  India,  are  also  given  for  the  sake  of  convenient  comparison.  These  are  not  the  abso¬ 
lute  values  of  the  amphtudes,  but  the  values  in  terms  of  that  of  the  mean  lunar  component  of  each 
station.  In  tides  of  shallow  waters,  the  effects  of  the  small  shallow-water  terms  are  not  included 
in  the  relations  expressed  by  these  equations. 

By  the  equilibrium  theory  the  first  members  of  these  equations  should  be  equal  to  the  second 
members  with  E  =  0,  and  hence  should  be  exactly  the  same  at  all  tide  stations  in  every  part  of  the 
world.  It  is  seen,  however,  from  a  mere  inspection  of  the  equations,  how  very  imperfectly  this 
theory  represents  the  tides  at  all  of  the  three  stations,  and  especially  the  tides  of  Pulpit  Cove, 
and  how  different  must  be  the  value  of  E  at  the  several  stations.  It  is  seen  from  the  first  equation 
that  the  amplitudes  of  the  solar  semidiurnal  tide  at  Liverpool  and  Kurrachee  are  less  than  what 
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they  shoald  be  by  the  equilibrium  theory  by  about  ^  and  |  respectively,  and  that  at  Pulpit  Cove 
it  is  only  about  ^  of  what  it  should  be. 

It  is  readily  seen  from  an  inspection  of  these  equations  tliat  they  can  be  satisfied  only  very 
imperfectly  for  Pulpit  Cove,  within  any  determined  values  of  ^/x  and  E,  and  that  they  can  be  much 
better  satisfied  by  multiplying  the  first  members  of  the  equations  by  an  unknown  constant.  This 
constant  is  introduced  upon  the  hypothesis  that  the  tidal  components  are  diminished  by  the  effect 
of  friction  which  is  as  a  higher  power  than  the  first  power  of  the  velocity,  as  I  have  at  various  times 
explained.  Upon  this  hypothesis  large  tides  are  diminished  by  friction  more  than  small  ones  in 
proportion  to  their  amplitudes,  and  hence  where  there  is  one  large  component,  as  the  mean  lunar, 
and  a  number  of  much  smaller  ones,  since  the  amplitudes  of  the  latter  are  obtained  by  analysis 
from  the  differences  between  the  larger  and  smaller  resultant  tides,  the  smaller  components  are 
diminished  more  than  the  larger  ones  in  proportion  to  their  magnitudes,  unless  friction  is  as  the  first 
power  of  the  velocity.  If  we  take  the  first,  third,  and  fifth  of  the  preceding  equations  for  Pulpit 
Cove,  and  introduce  a  constant  factor  c,  we  have — 

.1574  c  =  (.4582  -  36.2  d/i)  (1  +  .4255  E) 

.0469  c  =  (.1256  -  3.2  ( I  +  .4599  E) 

.2082  c=  .1922(1  -.228  E) 

The  solution  of  these  equations  gives — 

oV  =  .00263  E  =  -  1.164  c  =  1.166 

The  solution  of  all  the  e^iuations  by  the  method  of  least  squares  would  give  values  for  these 
constants  differing  but  little  from  those  above  on  account  of  the  smallness  of  the  amplitudes  in  the 
neglected  equations,  which  gives  them  little  weight.  The  value  of  ^/x  above  gives  for  the  moon’s 
mass  IX  =  which  is  much  too  large,  as  is  usually  the  case  where  the  relations  differ  much  from 
those  of  the  equilibrium  theory.  The  equations  for  Liverpool  give  /x  =  and  for  Kurrachee,  where 
the  relations  approximate  more  nearly  to  those  of  the  equilibrium  theory,  ix  =  which  is  per¬ 
haps  not  very  much  in  error. 

The  values  of  the  constants  above  satisfy  the  preceding  eight  equations  with  the  residuals 
annexed,  which  are  in  terms  of  the  amplitude  of  the  mean  semidiurnal  tide,  which  is  nearly  5  feet. 
The  fourth  residual,  therefore,  is  more  than  2  inches.  Without  the  introduction  of  the  constant 
c  these  residuals  would  bo  much  larger.  The  value  of  this  constant  indicates  that  the  ampli¬ 
tudes  of  all  the  smaller  components  relativelj^  to  that  of  the  mean  lunar,  are  diminished  in  the  ratio 
of  1.166  to  1,  or  about  |  part;  of  this  we  have  already  had  an  indication,  as  shown  in  §  26.  By  the 
introduction  of  the  constant  c,  or  one  equivalent  to  it,  I  have  in  all  cases  found  that  the  observa¬ 
tions  are  better  represented  by  theory,  and  a  better  mass  of  the  moon  is  obtained,  which  indicates 
that  there  is  an  effect  due  to  friction  or  some  other  cause  which  diminishes  the  amplitude  of  the  tides. 

Upon  the  large  value  of  E,  required  to  satisfy  the  preceding  equations,  depends  the  peculiar 
type  of  tides  at  Pulpit  Cove,  in  which  the  solar  and  declinational  components  are  very  small, 
and  the  amplitude  of  the  Ms  or  principal  elliptic  component  is  very  large,  even  a  fourth  larger  than 
the  solar  component,  although  the  tidal  force  in  the  former  case  to  that  of  the  latter  is  about  as 
.192  to  .458.  This  peculiar  type  of  tide,  so  different  from  that  of  European  tides  and  of  tides  gen¬ 
erally,  seems  to  extend  all  along  our  coasts,  and  is  indicated  by  a  difference  in  the  values  of  E,  so 
far  as  yet  obtained,  for  our  tides  and  for  those  of  other  parts  of  the  world.  These  values  are,  as 
shown  above:  for  Pulpit  Cove,  E  =  —  1.164;  for  Boston  Harbor,  E  =  —  1.412;  for  New  York  Har¬ 
bor,  E  =  —  .963.  In  European  tides  we  have:  for  Liverpool,  E  =  —  .288 ;  Brest,  E  =  —  .323 ;  and  at 
Kurrachee,  India,  E  =  —  .440.  The  value  of  the  constant  c  for  Boston  Harbor  is  1.350,  and  for  New 
York  Harbor,  1.245,  both  considerably  greater  than  that  found  above  for  Pulpit  Cove.  T"lie  viable 
of  c  for  Brest  is  1.050,  which  is  very  nearly  unity,  as  it  should  be  by  the  equilibrium  theory. 

According  to  the  value  of  c  above  for  Pulpit  Cove,  the  correction  appli|Bd  to  A',  §  26,  to 
reduce  it  to  A,  was  too  great  by  \  part  of  the  correction,  since  that  correction  was  made  upon  the 

S.  Ex.  13 - 38 
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hj  iwtbesis  that  large  aud  small  tides  are  exactly  proportional  to  the  forces.  If  we  decrease  the 
correction  there  applied  by  }  of  the  whole,  we  get — 


Year.  A.  Rt^sitlual^. 


1870 . 

1.8871 

t- 

21 

1871 . 

4.  8500 

— 

3.50 

1872 . 

.  4.9024 

4 

174 

1873 . 

.  4.8954 

104 

'  1874 . 

4.8631 

. 

'  — 

219 

1875 . 

.  4.9122 

4 

272 

Average  . .  I  4. 8850  ±  .  0075 


This  correctiou  luaki^  the  residuals  more  satisfaetory  with  repaid  to  the  signs,  and  gives  a 
smaller  probable  error.  It  therefore  more  fully  establishes  the  principle  that  large  tides  are  smaller 
in  proportion  to  the  tidal  forces  than  small  ones. 

34.  The  epochs  obtained  from  the  analysis  of  the  tide-observations  should  satisfy  the  following 
equations,  obtained  from  (172)  Tidal  Researches,  by  negle4?ting  the  small  terms  of  the  third  order 
depending  upon  G',  and  reducing  the  coefficients  of  G  to  degrees,  if  there  are  no  iierturbations  from 
the  shallow- water  terms : 


Epochs. 

1 

Residuals.  ^ 

Tidc-com 

ponentB. 

0  0 

.  1 

319.  8  =  Lo 

0.0  , 

M, 

354.  7  =  Lo  -1-  24.  4  G 

— 

4.6  j 

i  M, 

216. 2  =  Lo  —  24.  4  G 

•h 

39.5 

M,„ 

358.  8  =  Lo  26. 3  G 

— 

36 

1  M, 

12. 1  »=  Lo  +  13. 1 G 

4 

31.1 

1 

290.  3  =  Lo  —  13. 1 G 

— 

8.3 

1  M. 

16. 3  =  Lo  4  11. 3  G 

4 

38.3 

M, 

30R  0  =  Lo  —  11.  3  G 

4 

7.  5 

Mj. 

287.  7  =  Lo  4  23. 4  G 

— 

69.1 

Mi2 

The  epochs  in  the  first  members  are  obtained  fiom  §  24  and  §2tJ ;  the  tide-components  to  which 
the  epochs  belong  are  given  in  the  last  column.  Since  the  Mi  or  mean  lunar  component  is  very 
much  larger  than  any  of  the  others  it  should  have  proportionate  weight.  We  shall  therefore  let  it 
determine  L«=319'=^.8.  The  next  most  important  components  aie  M^,  and  M5.  Letting  the 
equations  of  tliese  determine  G,  we  get  G  =  1.62.  The  value  of  G  is  the  time  in  days  by  which  the 
maximum  of  the  varying  tide  follows  the  maximum  of  the  varying  tidal  force  producing  it,  and  it  is 
the  mean  time  on  the  average  by  which  the  greatest  tides  follow  the  conjunction  or  opposition  of  the 
moon  and  sun.  This  differs  but  little  from  the  values  found  for  Roston  Harbor,  Liveiqiool,  and  Brest. 

The  value  of  Lo  divided  by  2  x  140.492  gives  11*' 2“'  for  the  mean  lunitidal  interval.  This  for 
Boston  Harbor  was  found  to  be  IP  26“. 

If  all  the  preceding  equations  had  been  used  in  determining  the  probable  values  of  the  con¬ 
stants,  giving,  to  each  equation  its  proper  weight,  the  result  would  have  differeil  but  little  from 
what  we  have  obtained,  since  the  components  upon  which  the  other  eipiations  are  based  are  so 
small  that  the  equations  would  have  been  entitled  to  little  weight.  The  large  residuals  in  the 
epochs  of  these  small  components  do  not  indicate  very  large  absolute  errors,  since  the  amplitudes 
being  very  small,  a  very  slight  pertui*bation  changes  the  epochs  very  much.  The  residuals,  however, 
are  so  much  larger  than  the  probable  errors  of  the  epochs,  as  obtained  from  observations  by  analysis, 
that  they,  as  well  as  the  residuals  in  the  amplitudes  in  the  preceding  section,  indicate  considerable 
derangements  from  the  shallow-water  terms.  If  we  now  tiiin  to  Schedule  II,  it  w  ill  be  seen  that 
there  is  a  shallow -w  ater  comiionent  affecting  each  of  the  semidiurnal  components  Mi,  M2  and  Mj, 
and  from  Schedule  V  if  is  seen  that  there  are  two  such  components  aflecting  each  one  of  the  semi- 
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diurnal  components.  These  components  do  not  seem  to  be  very  large  in  general  at  Pulpit  Cove, 
where  they  have  been  obtained  from  the  analysis,  but  they  are,  no  doubt,  sufficient  to  so  disturb 
the  relations  as  to  prevent  a  nice  agreement  between  observation  and  the  theory  of  deep-water 
tides,  and  hence  to  render  unreliable  the  determination  of  the  moon’s  mass  from  these  relations. 

From  the  preceding  investigation  of  the  shallow-water  tides,  I  think  that  we  can  now  see  clearly 
why  it  is  that  satisfactory  and  consistent  values  of  the  moon’s  mass  have  not  in  general  been  obtained 
from  the  relations  of  the  semidiurnal  tides;  for  these  relations  are  disturbed  by  the  various  shallow- 
water  components,  which  do  not  enter  into  the  theory  of  deep-water  tides,  which  has  been  used  in 
determining  the  moon’s  mass.  The  perfection  of  the  tidal  theory,  so  as  to  represent  accurately  the 
results  of  observation  at  all  tide  stations,  and  give  a  correct  mass  of  the  moon,  depends  now  mainly 
upon  the  study  of  the  shallow- water  terms. 

With  regard  to  the  determination  of  the  moon’s  mass,  from  the  results  so  far  as  obtained  the 
relations  of  the  diurnal  tides  promise  better  success  in  the  future  than  those  of  the  semidiurnal  - 
tides.  The  diurnal  tides  are  not  att’ected  by  so  many  of  the  shallow- water  components,  and  it  is 
probable  that  these  can  be  determined  from  the  analysis  of  the  observations,  since  there  are  two 
comparatively  quite  large  components  with  periods  differing  from  those  of  any  others,  and  hence 
can  be  determined  by  analysis  of  the  observations;  and  then  from  the  theoretical  relations  given  in 
Schedule  III  the  others  can  be,  at  least  approximately,  determined,  and  the  components  of  deep¬ 
water  tides  which  they  affect  can  be  corrected  for  their  effect.  The  relations  pf  these  corrected 
results,  obtained  from  the  analysis  of  the  observations,  should  then 'agree  with  the  theoretical  rela¬ 
tives,  and  give  a  correct  mass  of  the  moon. 

35.  The  expression  of  the  long- period  tides,  (4)  in  the  case  of  a  sea  covering  the  whole  earth, 
in  which  case  a  becomes  unity,  gives  for  the  amplitudes,  0^  .230{1  —  3  cos  ^6)  in  which  d  is  the 
polar  distance,  which,  for  Pulpit  Cove,  is  45^  51'.  This  for  the  declinational  component,  in  which 
H  =  .312,  we  get  .033  feet  for  the  amplitude,  or  only  a  little  more  than  }  of  an  inch.  The  effect 
of  the  constants  might  increase  or  diminish  this  some ;  we  cannot  say  how  much.  The  results  in 
§  27  do  not  indicate  that  this  largest  terra  has  been  brought  out  in  the  analysis,  and  this  was  hardly 
to  be  expected,  but  the  analysis  at  least  shows  that  they  are  very  small,  as  theory  requires  they 
should  be.  The  shallow- water  component  of  long  period  has  a  considerable  amplitude,  and  is  very 
clearly  brought  out  by  the  analysis,  but  there  are  no  theoretical  relations  with  which  to  compare  it. 

IV. — PRACTICAL  APPLICATIONS. 

36.  For  the  purpose  of  computing  the  hourly  co-ordinates  or  heights  of  the  tides  at  any  future 
time  equations  (3)  can  be  used,  in  which  A  and  £  are  given  as  the  results  of  the  preceding  analysis 
of  the  observations  and  c,  are  contained  for  the  beginning  of  each  year  in  Table  11.  The  values  of 
i  are  also  contained  in  Schedule  I.  These  depend  upon  the  astronomical  elements  of  the  moon  and 
sun  and  have  been  obtained  from  the  developments  of  the  tidal  forces. 

To  facilitate  the  computations  there  should  be  made  a  table  of  the  values  of  i,  t  for  each  day 
and  hour  of  the  year,  exactly  similar  to  Table  I,  except  that  the  values  should  be  given  accurately 
in  degrees.  With  the  known  values,  then,  of  c,  and  £ , the  angle  (si,  f  +  sc,  —  £(, ,))  would  be  known 
for  each  tide  for  any  day  and  hour,  and  then  with  these  values  and  the  values  of  A(, ,,,  the 
part  of  H  belonging  to  each  tide-component  can  be  readily  computed  for  any  assumed  time  or  value 
of  t,  and  the  sum  of  all  these,  including  the  constant  Ao,  will  be  the  value  of  H,  or  height  of  the 
flde,  at  the  assumed  time,. above  the  assumed  zero  plane.  This  plane  may  be  that  of  mean  low 
w  ater,  or  it  may  be  still  lower,  so  as  to  have  the  signs  of  all  the  co-ordinate«  positive. 

Such  a  table  as  the  one  just  described  could  be  used  for  any  tide-station  whatever,  but  the  com-  ' 
putations  for  any  particular  station  w-ould  be  still  much  more  facilitated  by  making  out  a  table  of 
the  values  of  each  tide,  including  all  the  sensible  diurnal,  semidiurnal,  &c.,  components  of  that 
tide,  for  each  degree,  or  each  tenth  degree  when  the  tide  is  small,  of  the  argument  I,  t  +  c,;  for  then 
with  the  values  of  the  arguments,  i,  f,  obtained  from  the  table  of  the  preceding  form,  for  any  day  and 
hour  of  the  year,  with  the  values  of  c,  for  that  year  added,  we  have  the  arguments  for  each  of  the 
M.  tides  with  which  to  enter  the  tables  of  these  tides  and  get  their  values  without  any  computation. 
The  sums  of  all  these  individual  tide  values  added  together,  then  give  the  height  of  the  resultant 
tide. 
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If  tliei'e  ai*e  any  sensible  terms  of  long  period  they  can  be  included  in  the  formula  of  equation 

(3)  by  putting  for  these  terms  =  u,  in  equation  (4),  reducing  the  values  of  there  given  to  hourly 
values.  But  it  is  more  convenient  to  compute  these  terms  separately  for  each  day,  or  in  some  cases 
for  each  month  only ;  for  the  values  for  each  hour  are  then  readily  obtained  by  interpolation.  When 
there  are  tables  formed  for  each  tide-station,  these  long-period  terms  can  be  given  for  each  tenth 
degree  of  the  argument,  and  the  arguments  are  obtained  from  the  values  of  i^^and  A:,  of  equation 

(4)  in  the  same  manner  as  those  of  the  short-period  components  of  equation  (3)  from  the  values  of 
i,  and  c,. 

When  the  tides  are  computed,  the  uncorrected  amplitudes  and  epochs  of  the  components  which 
are  affected  by  the  lunar  nodal  <*omponents  of  nearl}'  the  same  period  should  be  used.  Theae  can 
be  obtained  from  the  mean  or  corrected  ones  by  means  of  Tiiblcs  III  to  VI  by  reversing  the  process 
by  which  the  corrected  ones  were  obtained  from  the  uncorrected  ones,  that  is  by  dividing  instead  of 

A 

multiplying  by  ^  ^  and  snbtra<*ting  J~:  instead  of  adding;  or  the  mean  values  of  the  amplitudes  and 

A. 

epochs  can  be  used,  and  the  four  lunar  nodal  components  be  added  to  the  serjes.  The  amplitudes 
of  these  components,  w  hich  are  denoted  by  a  in  §  10,  can  be  obtained  from  the  expressions  of  e  in 
that  section.  The  epochs  will  be  sensibly  the  same  as  those  of  the  larger  terms  of  nearly  the  same 
period.  When  tables  are  made  for  ea<?h  tide-station  the  effects  of  these  terms  can  be  given  for 
each  tenth  degree  of  the  argument  w,  having  a  period  of  nearly  19  years. 

37.  But  the  (joast  and  Geodetic  Survey  will  probably  never  undertake  to  furnish  hourly 
CO  ordinates  of  the  heights  of  the  t  ide  at  any  port,  but  merely  the  times  and  heights  of  high  and 
low  water,  or  of  high  w  ater,  only.  For  such  a  puqmse  such  tables  as  the  preceding  could  not  be 
used  with  convenience.  One  objection  in  my  mind  to  adopting  the  harmonic  analysis  of  the  tides 
was  that  it  did  not  give  the  results  in  a  form  convenient  for  computing  the  heights  and  times  of 
high  and  low'  water  simply.  I  have,  however,  succeeded  in  putting  the  results  into  a  form  by  which 
I  think  these  latter  can  be  computed  w  ith  as  much  or  even  more  facility  than  they  can  be  by  the 
old  forms  of  expressions  of  high  water  and  lunitidal  intervals,  especially  wheic  the  diurnal  tide  is 
large,  as  on  the  Pacific  coast.  By  the  1‘ormula  of  Tidal  Eesearches  (22)  we  can  put  equation  (8)  into 
the  following  form : 

H  =  Ho  +  K  cos  (2  i’l  /  —  +  /^) 

in  which 

K,  = 

tan  ^ 

M  =  r„  A.  coa  ((i,  -  2 1.)  t  ) 

N  =  r„  A„  sin  ((»,  -  2  t.)  t  - 

In  this  expression  of  H  we  have  s'-i.  which  is  the  epoch  of  the  mean  lunar  semidiurnal  tide, 
divided  by  2t„  equal  to  the  mean  lunitidal  interval,  and  we  shall  have  for  the  variable  lunitidal 
interval,  as  affected  by  the  other  components — 


in  which  Ja  must  have  its  value  belonging  to  the  time  of  high  water.  Tliis  assumes  t  hat  the  time 
of  high  water  occurs  when  the  angle  2  I'l  <  —  e ,  +  v^is  eqval  0.  This  is  not  strictly  correct  in  any 

case,  especially  when  the  diurnal  components  are  large,  but  is  sufficiently  correct  for  the  tides  of 
Pulpit  Gove,  where  these  diurnal  cx)mponent8  are  verj'  small. 

If  we  therefore  have  the  value  of  M  and  N  for  the  time  of  high  w'ater,  we  readily  obtain  E  and 
jS  for  this  time,  the  former  of  which  added  to  the  constant  Ho,  is  the  height  of  high  water,  and  the 
latter  divided  by  2  i  is  the  variable  part  of  the  lunitidal  interval  to  be  added  to  the  mean  value. 

As  the  values  of  the  angles  in  the  expressions  of  M  and  N  are  required  at  the  time  of  high 
water,  which  is  one  of  the  quantities  sought,  the  two  quantities  sought  can  only  be  obtained  by 
approximations,  but  this  is  readily  done,  and  a  second  approximation  is  generally  sufficient.  The 
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first  approximation  is  that  which  we  obtain  by  assuming  the  time  of  water  to  be  the  high  water  of 
the  mean  lunar  semidiurnal  component.  This,  from  the  expression  of  H,  is — 

T  =  4-*^  +  -  Innar  days 

2*1  2i  2*1 

in  which  n  is  any  integral  number,  and  the  days  are  reekone4i  from  the  beginning  of  the  year.  If 
we  then  have  a  table  of  the  time  of  the  passage  of  the  mean  moon  over  the  meridian  throughout 
the  year,  which  is  readily  obtained  by  successive  additions,  the  first  part  of  the  expression  of  T 
gives  the  time  to  be  added  to  the  time  of  the  transit  of  the  mean  moon  over  the  meridian  in  order 
to  obtain  the  mean  time  of  high  water.  The  value  of  e  is  constant,  and  that  of  Ci  is  constant 
through  the  year,  but  changes  every  year. 

Putting  this  value  of  T  for  the  value  of  t  in  the  expressions  of  M  and  N,  we  get  the  first  ap¬ 
proximate  value  of  /5.  Adding  this  to  the  value  of  s',  in  the  expression  of  T  above,  this  will  give 
a  second  approximation  of  T,  and  then  putting  t  equal  this  value  of  T  in  the  expressions  of  M  and 
N,  we  generally  get  the  values  of  R  and  with  sufficient  accuracy,  and  then  the  preceding  ex¬ 
pression  of  L  gives  the  lunitidal  interval. 

The  computations  would  be  very  much  facilitated  by  having  the  values  of  the  angles 
for  each  day  throughout  the  year  for  all  the  sensible  terms  in  the  expressions  of  M  and  X  given  in 
tables,  for  then  their  values  could  be  readily  obtained  for  any  other  time  by  interpolation,  and  such 
a  table  would  serve  for  every  tide  station. 

The  computations  would  also  be  very  much  more  facilitated  in  the  case  of  any  particular  tide 
station  to  have  the  values  of  each  of  the  terms  in  the  expressions  of  M  and  X  given  in  tables  for 
every  tenth  degree  of  the  arguments,  from  which,  with  the  arguments  obtained  also  from  the  tables 
mentioned  above,  the  values  of  each  term  could  be  readily  obtained.  Such  tables,  howevei*,  could 
only  be  used  for  the  particular  tide  station. 

38.  It  has  been  found  that  the  unknown  constants  E  and  G,  in  the  tidal  expressions,  as  de¬ 
termined  from  the  observations  of  Pulpit  Cove,  differ  very  little  from  those  of  the  tides  of  Boston 
Harbor.  This  is  a  result  of  great  practical  importance,  since  it  shows  that  the  type  of  the  tide 
varies  very  little  from  Boston  to  Pulpit  Cove,  and  it  is  therefore  probable  that  it  v^aries  very 
little  from  Cape  Cod  to  Eastport.  The  same  tidal  tables  and  the  same  computations  of  the  tides 
for  any  one  station,  as  Boston  or  Pulpit  Cove,  could  probably  be  used  for  every  station  from 
Cape  Cod  to  Eastport,  without  any  error  of  any  practical  importance,  by  simply  changing  two  con. 
stants,  that  of  the  amplitude  and  epoch  of  the  mean  lunar  tide.  The  former  would  simply  require 
the  amplitude  of  the  resultant  tide  at  any  one  station  to  be  multiplied  by  a  certain  constant  to 
reduce  it  to  that  of  any  other  station,  and  the  other  would  require  that  the  time  or  lunitidal  inter¬ 
val  should  be  changed  by  a  constant  quantity.  Such  an  arrangement  would  save  a  great  amount 
of  labor  in  computing  the  tides  for  a  number  of  places  along  the  coast. 

39.  Another  result  of  great  practical  importance  is  the  probable  errors  of  the  amplitudes  of 
the  several  tide  components  as  obtained  from  one  year’s  observations;  From  comparing  the  results 
of  each  of  the  six  years  with  one  another  this  has  been  found  in  the  maximum  case  to  be  only  one- 
fourth  of  an  inch,  and  on  the  average  oidy  about  one-sixth  of  an  inch.  If  we  wish  results,  there¬ 
fore,  of  which  the  probable  error  is  not  more,  say,  than  one-fourth  of  an  inch,  one  year’s  observations 
are  sufficient,  and  for  all  practical  purposes  one-fourth  of  an  inch  is  of  no  consequence  whatever 
For  the  tidal  predictions,  the  most  accurate  formulae  do  not  admit  of  any  accurate  comparisons 
with  individual  observations,  since  the  abnormal  meteorological  disturbances  may  at  any  time  be 
a  foot,  or  even  much  more. 
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TABLES  REFERRED  TO  IN  THE  TEXT. 


Tablr  I. — Containing  the  values  of  ivfj  equation  (3),  for  each  day  and  hour  of  ths  year. 
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21 

20 

21 

21 

20 

20 

21 

21 

20 

20 

21 

21 

22 

19 

21 

2*1 

22 

21 

22 

22 

21 

20 

22 

22 

21 

21 

09 

‘VJ 

23  : 

20 

22 

23 

23 

22 

23 

•  ' 

23 

*■“ 

21 

t 

23 

23 

1 

22 

[  ,  , 

21 

23 

23 

0  , 

.  1 

21 

23 

1  . 

0 

Dee.  31  0 

16 

7 

2 

1  1 

!  *  1 

8 

0 

9 

•  1 
•  i 

!  23 

8 ; 

12  ! 

.  i 

12 

5  1 

3 

;  I 
1  20 

8 

1 

17 

1 

8 

3 

9  ! 

1 

i 

0 

9 

13  f 

13 

6 

4 

21 

9 

2 

18 

2 

0  1 

4 

10  1 

2 

1  ” 

i| 

10 

14 

14 

1 

r, 

22 

10 

3 

19 

*  3 

10 

4 

11 

3 ; 

!  12  ■ 

'  2 

11 

15 

15 

8 

6 

23  ' 

11 

4  1 

20 

4 

11 

r, 

12 

4 

13 

3  ' 

12  i 

16 

16 

9 

7 

0 

12 

21  , 

5 

12 

6 

13 

5 

14 

4 

13  1 

17 

17 

10 

8 

,  1 

1.3 

6 

22 

6 

13 

7 

14 

6 

11 

t  r 

1  1  1 

14 

18 

18 

11 

»! 

2  , 

14 

7 

23  ; 

7 

14 

8 

1.1 

7 

16 

1  ^ 

15 

19 

19 

12 

10 

3  j 

15 

H 

0  1 

1  8 

1.1 

9 

16 

8 

17 

'  6 

16  ' 

20 

20  , 

13  ' 

11 

4  1 

16 

»| 

1 ! 

9 

16  1 

10 

1  17 

9 

1  ^8 

1 

/ 

17  1 

21 

21  1 

14  1 

11 

5  . 

17 

10 

2  ' 

10  1 

17 

11 

1  18 

10 

19 

'  ^  1 

18 

22  j 

22 

15 

12 

6 

18 

11 

1  3 

^  n  ’ 

18 

12 

19 

11 

20 

19 

23 

23 

16 

13 

19 

12 

4 

12  I 

19  i 

13 

20  1 

12 

21  * 

*  10  j 

20 

0 

0  i 

17 

14 

7 

20 

13 

r,  ' 

*  13 

19  ! 

14 

t  21  j 

1.3 

1  22 

11  ' 

20  1 

1  ' 

1 

18  1 

15 

8 

21 

14  j 

6 

20 

1.1 

!  ‘ 

14 

23  , 

12  ! 

21 

9 

2  1 

20 

16 

1  9 

22 

!.'■> 

7  ■ 

1.1 

21  , 

16 

I  22  ' 

11 

'  0 

13  1 

0‘» 

3  ‘ 

3 

21  i 

17 

1  10  I 

23 

16 

8  1 

1 

22 

17 

23  i 

16 

1 

14* 

2.3 

4- 

4 

22 

18 

11 

0 

17 

9  1 

17  ' 

23 

18 

i  «  ' 

17 

2 

0 

5 

5 

23 

19 

12 

1 

18 

10 

18 

0 

19 

i  1 

18 

16  J 

1 

6 

6 

0 

19 

1  13 

2 

19 

n 

19 

1 

20 

9 

19 

!  4 

.  1 

2 

7 

7 

1 

20 

1 

3 

20 

11  j 

20 

2 

21 

I  ^  i 

20 

5 

1  18 

3 

8 

8 

2 

21 

5 

21  1 

12 

21 

3 

22 

V 

••• 

6 

'  1»| 

4 

9 

9 

3 

22 

16 

6  1 

22 

13 

22 

4 

23 

!  .1 

22 

7 

1  20 

.1 

10  i 

10  j 

4  1 

23 

1  17  i 

7  I 

23 

14 

23 

1 

23 

6 

23 

t 

1  ^ 

21 

C  1 

11  1 

11 

0 

j  18, 

8  1 

Note.— In  the  nse  of  this  table  for  leap  year,  January  1  in  the  table  corresponds  to  January  2:  January  2  iu  the  table  to  January  3,  and 
on  until  February  29th. 
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Table  II. — Containing  tho  values  of  the  constants  (>,  and  also  of  (y  ,  and  qd  for  midnight  preceding  the  first  {leap  year  the 

second)  of  January  of  each  year  from  1860  to  1890, 


Year. 

...  1 

C3. 

r4.  i 

r5.  ' 

r«. 

n.  i 

rju 

t*!». 

ri.,. 

fii. 

Cl7. 

Cl3. 

(-14. 

a>. 

u'. 

w. 

o 

- 

o 

1 

^  ' 

o 

o 

_ 

o 

r, 

I860 

75.  20 

101.  07 

14.68 

315.  72 

139.  .34 

248.  93 

240.  .52 

89.89 

.330.  41 

U.  27 

179.  73 

250.  03 

260.  38 

146.  91 

280.  53 

312.  72 

1861 

305.58 

100.83 

289.  42 

141.74  ' 

240.  33 

249. 16 

196. 16 

23.5.  00 

71.  16 

0.  14 

179.  86 

.338.  51 

272.  65 

187.  57 

280.  .55 

293.  40 

1862 

175.96 

100.  59 

204.  16 

327.  75 

341.32 

249.  41 

151.80 

20. 11 

171.91 

0.01 

179.99 

67.  00 

2  a».  92 

228.  23 

280.  .57 

274.  07 

1863 

46.33 

100.35 

118.90 

153.  77  i 

82.  31 

249.  65 

107.  44 

165.  23 

272.  66 

359.  88 

180.12 

1.M.48 

297.  19 

268.  89 

280.  59 

254.74 

1864 

264.52 

101. 10 

27.97 

321.06 

157.94 

248.  90 

56.54 

292.  49 

349.  04 

0.25 

179.75 

258.  01 

271.  02 

309.  67 

280.  60 

235.  36 

1865 

134.89 

100 

302.  71 

147.08 

258.93 

249. 14 

1. 18 

77.  61 

89.  79 

0. 12 

179.88 

346.50 

283.  29 

350.  33 

280.62 

216.  03 

1866 

5.27 

100.62 

217.45 

333.09 

359.92 

249.  38 

327.  82 

222.  72 

190.54 

359. 99 

180.  01 

74.98 

295.56 

30.09 

280.64 

196.70 

1867 

235.66 

108.  38 

132.19 

159.11  ^ 

100.91 

249.62 

283.46 

7.83 

291.29 

359.86 

180. 14 

163.46 

307.83 

71.66 

-280.65 

177.  37 

1868 

93.83 

101. 13 

41.27 

326.  40 

176^54 

248.87 

232.57 

135. 10 

7.  67 

0.23 

179.  77 

266.00 

281.67 

11-2.  43 

280.67 

157.  99 

1869 

324.  21 

100.89 

316.00 

152.  42 

277.  53 

249.11 

188.21 

280.21 

108.  42 

0. 10 

179.90 

354.  48 

293.94 

153.  09 

280.  69 

138.66 

1870 

194.50 

100.65 

230.74 

338.  43 

18.  52 

249.  35 

143.84 

65.33 

209. 17 

359.  97 

180.  03 

82.  96 

306.  21 

193.  76 

•280. 71 

119.34 

1871 

64.96 

100.41 

145.48 

164.  45 

119.  51 

249.  59 

99.48 

210.44 

309.93 

359.85 

180. 15 

171.45 

3ia48 

2.34.  42 

280.  72 

100.  01 

1872 

283. 15 

101.  16 

54.  .56 

3;u.  74 

19.5. 14 

248.  84 

48.59 

337.  71 

26.  30 

0.21 

179.  79 

273.  98 

292.  32 

275. 19 

280. 74 

80.63 

1873 

153.52 

100.92 

329.  30 

157.  75 

296. 13 

249.  08 

4.  23 

122.82 

127.  05 

0.  08 

179.  92 

2.  46 

304.  59 

315.  86 

280.  76 

61.30 

1874 

23,90 

100.68 

244.03 

343.  77 

37.  12 

249.32 

319.  87 

1  267.  93 

227.80 

359.95 

1  180.04 

90.95 

316.86 

1  356.  52 

280.77 

41.97 

1875  I 

254.28 

100.45 

158.77 

169.  79 

138.  1 1 

249.55  ! 

275.51 

53.  05 

j  328.  56 

1  .359.83 

j  180.17 

;  179.43 

329. 13 

j  37.18 

1  280.  79 

22.64 

!  1876  1 

112.46  i 

101. 19 

67.85 

337.  08 

213.  73 

1  248.81 

*  224.61 

180.31 

44.93 

0. 19 

'  179.81 

281.96  : 

302.96 

1  77.96 

280.81 

3.  26 

1877  ' 

342.84 

100.95 

1  342.  59 

163.09 

314.  73 

249.05 

[  180.25 

325.  43 

145.68 

0.06 

1  179.94 

1  10.45 

315.23 

118.  62 

280.  83 

343.93 

1878  ! 

213.22 

100.71 

257.  32 

349.11  ! 

55.  72 

1  249.  29 

135.89  1  110.54 

246.43 

359.94 

!  180.06 

98.93 

327.50 

1  159.28 

‘280.84 

3-24.61 

1879  1 

83.59 

'  100.48 

172.06 

175. 12 

156.71 

'  249.52 

91.53 

255.  65 

347. 19 

359.81 

1  180. 19 

1  167.41  , 

339.77 

199.94 

:  280.86 

305.28 

1880  1 

301.78 

1  101.22 

!  81.14 

342.42  ' 

232.33 

1  248.78 

40.64 

22.  92 

63.56 

‘  0. 17 

179.83 

289.  95 

313.61 

1  240.72 

1  280.88 

i  285.90 

1881 

172. 15 

<  100.98 

1  355.88 

168.  43 

333.33 

249.  02 

356.  28 

168.03 

164.  31 

0.  04 

179.95 

ia43 

3-25.88 

281.  38 

1  280.89 

j  266.57 

1882  I 

42.53 

1  100.74 

270.62 

1  354.  45 

74.  32 

1  249.25 

311.92 

313. 15 

265.  06 

359.92 

1  180.08 

j  106.91 

1  338. 15 

322.  04 

1  ‘280.91 

1  247.24 

1  1883 

272.91 

'  100.51 

1  185.45 

180.46 

17.5.  31 

'  249.49 

267.55 

9a26 

1  5. 82 

359.  79 

]  180.21 

'  195.40 

350.  42 

-2.71 

,  280.93 

227.91 

1884  ! 

131.00 

1(]^.25 

94.  43 

347.75  ' 

250.  93 

248.75 

216.66 

225.  53 

82. 19 

1  0.15 

'  179.85 

!  -297.93 

324.26 

43.  48 

1  -280.95 

-208.  53 

1  1885  i 

1. 47 

101.  01 

9.17 

m.  77 

351.  93 

248.99 

172. 30 

10.64 

182.94 

0.03 

179.97 

26.42 

i  336.53 

84. 14 

280.96 

189.20 

1  1886 

231.85 

100. 78 

283.91 

!  359.79  1 

92.  92 

;  240.22 

127.94 

155.  77 

I  283.69 

359.90 

180. 10 

i  114.  90 

348.79 

124.  81 

280.98 

169.87 

!  1887 

102.22 

100.54 

I  198.64 

!  185.  80  1 

193.  91 

1  249.46 

83.  .58 

300.87 

1  24.45 

359.  77 

180.23 

i  203.  38 

1.06 

165.  47 

1  281.00 

1.50.  55 

1  1888 

320.41 

101.28 

107.72 

353.  09 

269.53 

1  248.72 

32. 68 

68.13 

100.82 

1  0.13 

179.86 

t  305. 9-^ 

334.90 

206.  24 

1  281.01 

131. 17 

1  1889 

190. 79 

101.  05 

22.46 

!  179.11 

10.53 

.  248.95 

348.32 

213.  25 

1  201.  57 

1  0.01 

'  179.  99 

i  34.40 

347. 17 

‘246.  91 

1  281.03 

111.84 

1  1890 

61.16 

100. 81 

!  297.20 

I  5. 12  ! 

111.52 

1  249. 19 

303.96 

358.36 

302.32 

i  359.88 

1  180. 12 

122.  88 

359.44 

287.57 

1  281.05 

92.51 

I  '  :  I 
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Table  III. 

Table  IV. 

As  1 

As  : 

A., 

A'.  ' 

_ .  ^  _  A»s 

Oi  I 

r..  Ae« 

w 

o 

1 

o 

o 

1 

1  ° 

o 

0 

0.  8816 

-2.  56m 

9.  9453 

*  iO.OO 

360 

0 

0. 8194  ' 

9.  913.5 

±0.00 

360 

10 

0.  m\i 

2.5 

9.9460 

,  1.18 

350 

10  , 

0.  8213 

9.  9145 

1.80 

350 

L’O 

0.  6878 

2.4 

9.9483 

'  2. 33 

340 

20 

0. 8268  ' 

9.  9174 

,  3.58 

340 

‘30 

0. 8ar>3 

2.3 

9.  9520 

3.43 

330 

30 

0.  8362 

9.9223 

5.28 

330 

40 

1  0. 9052 

2.2 

9.  9567 

4.  47 

320 

40 

0. 8494  j 

0.9291 

j  6.00 

320 

50 

0.  9176 

2.1 

9.  9626 

,  5.40 

310 

50  J 

0.8666  ' 

9.0378 

8.41 

310 

60 

0.  9326 

1.8 

9.9607 

1  6.20 

300 

60 

0. 8878  . 

0.9483 

9.76 

800 

70 

,  0. 9500 

1.4 

9.9777 

6.83 

290 

70 

0. 9132  1 

9.  9605 

'  10.90 

290 

80 

0.  9696 

1.0 

9.9866 

7.  33 

280 

80  ' 

0.  9430 

9.  9745 

11.80 

280 

,  0.9915 

0.5 

1  9.9963 

1  7.62 

270  ' 

90 

0.  9768 

9.  9898 

12.43 

270 

100 

1.0149 

rO.l 

0.0064 

7.08 

260 

100 

1.  0144 

0.0062 

12.  72 

260 

no 

1.  0393 

0.7 

0.  0167 

7.50 

250 

1.  0554 

0.  0234 

12.  62 

'  250 

120 

1.  0638 

1.4 

1  0.  0269 

7.  07 

240  ' 

1 

120 

1.0990 

0.0410 

12. 10 

240  , 

130 

i  1. 0873 

2. 1 

0.  0363 

6.39  i 

1  ^^0  : 

130  : 

1.1429 

0.  0580 

11. 12 

230  : 

140 

'  1. 1089 

2.8 

0.  0449 

5.48 

220 

,  140 

1. 1858  ' 

0.0740 

1  9.67 

220 

150 

1. 1275 

3.5 

0.  0522 

!  4. 36  j 

210 

>  150 

1. 2246 

0.0880 

7.75 

210 

160 

1. 1421 

4.0 

0.  0577 

3.05  1 

200 

160 

1.2.555 

0.0988 

.5.  43 

200 

170 

:  1. 1514 

4.2 

0.0612 

1.57 

190 

'  170 

1.2756  ; 

0. 1057 

<  2.80 

1  100 

160 

1.1546  h  i.  3 

0.0624 

+  0.00 

180  j 

180 

1.2826 

0. 1081 

±0.00 

1 

Table  V. 

Table  VI. 

Ai 

As 

A'l 

Aei 

A'a 

Ata 

M 

No. 

Log. 

No. 

Log. 

o 

0 

o 

o 

O 

0 

1.03724 

0.  01.588 

±0.  00 

360 

0 

0.  7777— 

4.4£m 

9.8908 

±0.00 

360 

10 

1.03662 

0.  01562 

0.  37 

350 

10 

0.  7798 

4.4 

9.8920 

2.  2  2 

350 

20 

1.  03486 

0.  01488 

0.  73 

340 

20 

0.  7860 

4.2 

9.8954 

4.  40 

340 

30 

1.03195 

0.  01306 

1.07 

330 

30 

0.  7965 

4.0 

9.  9012 

6.53 

330 

40 

1.02800 

0.  01199 

1.37 

320 

40 

0.  8113 

3.6 

9.9092 

8.57 

320 

I  50 

1.  02320 

0.  00966 

1.  62 

310 

.50 

0.8306 

3.2 

9.9194 

10.48 

310 

1  ^  1 

1.01774 

0.  00764 

1.82 

300  j 

60 

1  0. 8.551 

2.7 

9.  9320 

12.  22 

300 

1  70  ‘ 

'  1.01181 

0.  00510 

1.95 

290  1 

70 

0.  8849 

2.0 

9.  9469 

13.  75 

290 

1  80 

1.  00.563 

0.  00244 

2.03 

280 

80 

1  0. 9203— 

1.1 

9.9639 

15.02 

280 

90  ‘ 

1  0. 99936 

i 

9.99972  1 

2.06 

270 

90 

0.  9616  ' 

0.0 

9.9830 

15.95 

270 

100  j 

1  0. 99318 

1 

1 

9.99703  ' 

2.02 

200 

100 

1  1.0090  + 

1.3 

0.0039 

:  16.50 

260 

no 

0.  98735 

1 

9.90447 

1.92 

250 

no 

1  1. 0624 

2.3 

0. 0263 

16.58 

250 

120 

0.  98195 

9.  90209 

1.75 

240 

120 

1. 1210 

4.6 

0.  0496 

16.13 

240 

130  1 

1  0.97711 

1 

9.98994 

1.  53 

230 

130 

1.  1833 

6.6 

0.  0731 

15.  02 

230 

140 

0.  97297 

1 

9.  9881 0  1 

[  1. 28 

220 

140 

1.  2462 

8.7 

0.0956 

13.2:1 

220 

150  1 

0.96966 

9.98602  1 

1.00 

210 

150 

1.3056 

10.8  i 

1  0. 11.58 

1  10. 75 

210 

160 

0.96727 

9.  98555 

0.68 

200 

160 

1.  3.552 

12.6 

0.1320 

7.62 

100 

170 

0.96583 

1 

0.98490  ' 

0.  35 

100 

170 

1.3880 

13.8 

0. 1424 

1  3.95 

190 

180 

0.96534 

9.08468 

±0.00 

180 

180 

1.  4002 

14.3 

0.1462 

1 _ 

±0.00 

180 

Note. — Whwe  in  IhcHo  tAblen  there  in  n  double  sign  the  upper  one  must  be  used  when  (he  argument  is  found  on 
the  left  and  the  lower  one  when  it  is  found  on  the  right. 
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LIST  OF  SKETCHES. 


PROGEESS  SKETCHES. 

No.  1.  General  progress  (in  two  sheets). 

2.  Section  I.  Northern  part. 

3.  Section  I.  Primary  triangulation  between  the  Hudson  and  Saint  Croix  Rivers. 

4.  Section  II.  Triangulation  and  geographical  positions  between  Point  Judith  and  New 

York  City. 

5.  Section  II.  Triangulation  and  geographical  positions  between  New  York  City  and  Cape 

Henlopen. 

6.  Section  III.  Chesapeake  Bay  and  tributaries. 

7.  Section  IV.  Coast  and  sounds  of  North  Carolina. 

8.  Sections  III  and  IV.  Primary  triangulation  between  the  Maryland  and  Georgia  base-lines 

(northern  part). 

9.  Sections  III,  IV,  and  V.  Primary  triangulation  between  the  Maryland  and  Georgia  base¬ 

lines  (southern  part). 

10.  Section  V.  Coasts  of  South  Carolina  and  Georgia. 

11.  Section  VI.  East  coast  of  Florida,  Amelia  Island  to  Halifax  River. 

12.  Section  VI.  East  coast  of  Florida,  Halifax  River  to  Cape  Canaveral. 
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